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i 

 

Abstract 

 

Ionization radiation is the major concern to use radiation energy. The professional 

radiation workers cannot go near to highly radioactive sources. At present robotic 

technologies are used for these purposes. But the robots are made with sophisticated 

technology, high cost, not user friendly, difficult to move from one country to another 

due to restriction by the country law, safety and security. For these reasons, this 

research has been carried out to find a simple, affordable and effective alternative 

device which can be used for the same purpose. Amber and red Perspex, camera/cc 

camera with shielding and Lead mirror has been loaded on microprocessor based 

controlled carrier for placing at the source room near to Co-60 source located at IRPT, 

Dhaka, Bangladesh. The carrier has been designed with the help of microprocessor 

based circuit elements and power source. The camera is shielded by Lead box in such 

a way that the lens of the camera focusing toward the Lead mirror through hole to 

capture the images from mirror. Physical properties (color) of radiation sensitive 

ambers and red Perspex has been changed during irradiation which indicates the 

detection of radiation. The absorbed doses are measured from amber and red Perspex 

with the help of ultra violet spectrophotometer and Harwell standard chart. The source 

position and real situation of the source room has been monitored from fixed and 

video images captured by the developed device operated from safe zone connecting 

camera with computer through Wi-Fi. The presence of radiation has been validated by 

camera glittering. This device is simple, affordable and does not include any complex 

robotic technologies due to its simplicity of design, technique and technologies which 

can be used as an effective alternative device for detecting, monitoring and visual 

monitoring of radiation doses for highly radioactive sources instead of costly robots. 
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Chapter-1 

                                                              

 Introduction 

 

1.1. Radiation 

 
Radiation is energy in the form of waves or streams of particles. There are many kinds 

of radiation all around us. When people hear the word radiation, they often think of 

atomic energy, nuclear power and radioactivity, but radiation has many other forms. 

Sound and visible light are familiar forms of radiation; other types include ultraviolet 

radiation (that produces a suntan), infrared radiation, (form of heat energy), radio and 

television signals. So the radiation can be explained: 

 Emission of energy in the form of waves or particle. 

 Travels through a medium until absorbed by matter. 

 Energy emission continues unless the nucleus becomes stable. 

 

All life has evolved in an environment filled with radiation. The forces at work in 

radiation are revealed upon examining the structure of atoms. Atoms are a million times 

thinner than a single strand of human hair, and are composed of even smaller particles 

some of which are electrically charged [1]. 

 

1.1.1 Radioisotopes 

 

Isotopes that are not stable and emit radiation are called radioisotopes. A radioisotope is 

an isotope of an element that undergoes spontaneous decay and emits radiation as it 

decays. During the decay process, it becomes less radioactive over time, eventually 

becoming stable [1] - [2]. 
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1.1.2 Classification 

 

Radiation is energy in the form of waves of particles. There are two forms of radiation: 

i) Non-ionizing radiation 

ii) Ionization radiation  

An electromagnetic spectrum is shown in Fig-1.1 for nonionizing and ionizing 

radiation. 

 

 

Fig. 1.1: Properties of Nuclear Radiations [1] - [3]  

 

1.1.2.1 Non ionizing radiation 

 

Non-ionizing radiation has less energy than ionizing radiation; it does not possess 

enough energy to produce ions. Examples of non-ionizing radiation are visible light, 

infrared, radio waves, microwaves, and sunlight. The energy levels of these types of 

radiation are less than 10eV. Examples of non-ionizing radiation include Microwaves, 

Visible light, Radio waves, TV waves, Ultraviolet radiation (except for the very 

shortest wavelengths). The different types of non- ionization radiation are shown in Fig. 

1.1 [1] - [3]. 
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1.1.2.2 Ionizing radiation 

 

Ionizing radiation is capable of knocking electrons out of their orbits around atoms, 

upsetting the electron/proton balance and giving the atom a positive charge. Electrically 

charged molecules and atoms are called ions. Ionizing radiation includes the radiation 

that comes from both natural and man-made radioactive materials. The energy levels of 

these types of radiation are more than 10eV. There are several types of ionizing 

radiation are explained below [1] - [3]: 

 

1.1.2.2.1 Alpha radiation (α) 

 

Alpha radiation consists of alpha particles that are made up of two protons and two 

neutrons each and that carry a double positive charge. Due to their relatively large mass 

and charge, they have an extremely limited ability to penetrate matter. Alpha radiation 

can be stopped by a piece of paper or the dead outer layer of the skin. Consequently, 

alpha radiation from nuclear substances outside the body does not present a radiation 

hazard [1] - [4] 

 

1.1.2.2.2 Beta radiation (β) 

 

Beta radiation consists of charged particles that are ejected from an atom’s nucleus and 

that are physically identical to electrons. Beta particles generally have a negative 

charge, are very small and can penetrate more deeply than alpha particles. However, 

most beta radiation can be stopped by small amounts of shielding, such as sheets of 

plastic, glass or metal. When the source of radiation is outside the body, beta radiation 

with sufficient energy can penetrate the body’s dead outer layer of skin and deposit its 

energy within active skin cells [1] - [4]. 
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1.1.2.2.3 Photon radiation (gamma [γ] and X-ray) 

 

Photon radiation is electromagnetic radiation. There are two types of photon radiation 

of interest for the purpose of this document: gamma (γ) and X-ray. Gamma radiation 

consists of photons that originate from within the nucleus, and X-ray radiation consists 

of photons that originate from outside the nucleus, and are typically lower in energy 

than gamma radiation [1] - [4]. 

 

1.1.2.2.4 Neutron radiation (n) 

 

Apart from cosmic radiation, spontaneous fission is the only natural source of neutrons 

(n). A common source of neutrons is the nuclear reactor, in which the splitting of a 

uranium or plutonium nucleus is accompanied by the emission of neutrons. The 

neutrons emitted from one fission event can strike the nucleus of an adjacent atom and 

cause another fission event, inducing a chain reaction.  

 

Alpha particles are capable to travel several centimeters in air but it cannot penetrate a 

sheet of paper.  Beta rays are little more powerful than alpha particle. It can penetrate 

the paper but it can be stopped by the Al sheet. Gamma rays have much stronger 

penetrating power and required thick concrete to stop. Lead or other special concrete or 

composite materials can be used to block them. Neutron particles have much stronger 

penetrating power. To stop neutron special concrete, wax, rubber and hydrogenous 

materials are mostly used. A summary of properties of nuclear radiation, penetration 

power and emission of different types of ionization radiation are shown in Table-1.1, 

Fig. 1.2 and Fig. 1.3 respectively [1] - [4]. 
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Table-1.1: Properties of Nuclear Radiations [1] - [4] 

 

Radiation Mass (u) Charge Range in air Range in 

tissue 

Alpha 

 

4 +2 0.03 m 0.04 mm 

Beta 

 

1/1840 -1 

+1 (positron) 

3.00 m 5 mm 

X and Gamma 

Ray 

0 0 Very large Through body 

Fast neutron 1 0 Very large Through body 

Thermal 

neutron 

1 0 Very Large 0.15 m 

 

 

 

 

Fig. 1.2: Penetration Power of Ionization Radiation [1] - [4] 
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Fig. 1.3: Different Types of Ionization Radiations [5] 

 

1.1.2.3 Sources of ionization radiation 

 

1.1.2.3.1 Natural sources of ionizing radiation 

 

Radiation has always been present and is all around us in many forms. Life has evolved 

in a world with significant levels of ionizing radiation, and our bodies have adapted to 

it. Many radioisotopes are naturally occurring, and originated during the formation of 

the solar system and through the interaction of cosmic rays with molecules in the 

atmosphere. Tritium is an example of a radioisotope formed by cosmic rays’ interaction 

with atmospheric molecules. Some radioisotopes such as uranium and thorium that 

were formed when our solar system was created have half-lives of billions of years, and 

are still present in our environment. Background radiation is the ionizing radiation 

constantly present in the natural environment [6] - [12]. 

 

1.1.2.3.2 Cosmic radiation sources 

 

The earth’s outer atmosphere is continually bombarded by cosmic radiation. Usually, 

cosmic radiation consists of fast moving particles that exist in space and originate from 
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a variety of sources, including the sun and other celestial events in the universe. Cosmic 

rays are mostly protons but can be other particles or wave energy. Some ionizing 

radiation will penetrate the earth’s atmosphere and become absorbed by humans which 

results in natural radiation exposure [6] - [12]. 

 

1.1.2.3.3 Terrestrial radiation sources 

 

The composition of the earth’s crust is a major source of natural radiation. The main 

contributors are natural deposits of uranium, potassium and thorium which, in the 

process of natural decay, will release small amounts of ionizing radiation. Uranium and 

thorium are found essentially everywhere. Traces of these minerals are also found in 

building materials so exposure to natural radiation can occur from indoors as well as 

outdoors [6] - [12]. 

 

1.1.2.3.4 Artificial (man-made) sources  

 

People are also exposed to man-made radiation from medical treatments and activities 

involving radioactive material. Radioisotopes are produced as a by-product of the 

operation of nuclear reactors, and by radioisotope generators like cyclotrons. Many 

man-made radioisotopes are used in the fields of nuclear medicine, biochemistry, the 

manufacturing industry and agriculture [6] - [12]. 

 

1.1.2.3.5 Medical sources 

 

Radiation has many uses in medicine. The best-known application is in X-ray 

machines, which use radiation to find broken bones or to diagnose diseases. X-ray 

machines are regulated by Health Canada and provincial authorities. Another example 

is nuclear medicine, which uses radioactive isotopes to diagnose and treat diseases such 

as cancer. A gamma camera is one piece of medical equipment commonly used in 
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diagnosis .The CNSC regulates these applications of nuclear medicine, as well as 

related equipment. It also licenses reactors and particle accelerators that produce 

isotopes destined for medical and industrial applications [6] - [12]. 

 

1.1.2.3.6 Industrial sources 

 

Radiation has various industrial uses, which range from nuclear gauges used in the 

building of roads to density gauges that measure the flow of material through pipes in 

factories. Radioactive materials are also used in smoke detectors and some glow-in-the 

dark exit signs, as well as to estimate reserves in oil fields. Other applications include 

sterilization, which is performed using large, heavily shielded irradiators. Industrial 

activities are licensed by the Canadian Nuclear Safety Commission (CNSC) [6] - [12]. 

 

1.1.2.3.7 Nuclear fuel cycle sources 

 

Nuclear power plants (NPPs) use uranium to produce a chain reaction that produces 

steam, which in turn drives turbines to produce electricity. As part of their normal 

activities, NPPs release small quantities of radioactive material in a controlled manner 

to the surrounding environment. These releases are regulated to ensure doses to the 

public are well below regulatory limits. Uranium mines, fuel fabrication plants and 

radioactive waste facilities are also licensed so the radioactivity they release that can 

contribute to public dose can be controlled by the Canadian Nuclear Safety 

Commission. Presently 31 countries are generating by nuclear fuel and 2 countries are 

going to establish nuclear power plants. Soonest these 2 countries will generate power 

from nuclear fuel. At present 11% of global power is generated by nuclear fuel. As on 

today, in 31 countries 442 nuclear power plant units are installed electric net capacity of 

about 384 GW in operations and 66 plants with an installed capacity of 65 GW are in 

16 countries under construction.  Globally, 11% of total power is generated from 
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nuclear fuel. The situation is increasing the ionization radiation in the environment [6] 

– [12]. 

 

1.1.2.3.8 Atmospheric testing sources 

 

The atmospheric testing of atomic weapons from the end of the Second World War 

until as late as 1980 released radioactive material, called fallout, into the air. As the 

fallout settled to the ground, it was incorporated into the environment. Much of the 

fallout had short half-lives and no longer exists, but some continues to decay. People 

and the environment receive smaller and smaller doses from the fallout every year. 

Gamma rays have the smallest wavelengths and the most energy of any wave in the 

electromagnetic spectrum. They are produced by the hottest and most energetic objects 

in the universe, such as neutron stars and pulsars, supernova explosions, and regions 

around black holes. On earth, gamma waves are generated by nuclear explosions, 

lightning, and the less dramatic activity of radioactive decay [6] - [12]. 

 

1.1.2.3.9 Main ionization radiation sources in Bangladesh 

 

During the last three decades, Bangladesh Atomic Energy Commission (BAEC) has 

undertaken an elaborate R & D program covering a wide spectrum of activities in 

different fields of radiation processing research and its technological applications. The 

major nuclear facilities of Bangladesh are: 

i) 03 MW TRIGA MARK-II Research Reactor, 

ii) 03 MeV Van de Graaff Accelerator, 

iii) 14 MeV Neutron Generator, 

iv) 90 kCi Co-60 Gamma Source, 

v) 350 kCi Co-60 Gamma Source with its present capacity 120kCi. [13]. 
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1.1.2.4 Applications of ionization radiation 

 

Although scientists have only known about radiation since the 1890s, they have 

developed a wide variety of uses for this natural force. Today, to benefit humankind, 

radiation is used in medicine, academics, and industry, as well as for generating 

electricity. In addition, radiation has useful applications in such areas as agriculture, 

archaeology (carbon dating), space exploration, law enforcement, geology (including 

mining), and many others.  However, the use and sources of radiation are shown in Fig-

1.4. 

i) Medical Uses, 

ii) Academic and Scientific Applications, 

iii) Industrial Uses, 

iv) Nuclear Power Plants, 

v) Agricultural applications, 

vi) Applications in consumer products, 

vii) Archaeological application, 

viii) Destructive uses of the atomic bomb [14] - [15] . 

 

 

 

Fig. 1.4: Applications of Ionization Radiation [14] - [15] 
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1.2 Radiation Exposure  

 

Gamma ray exposure is measured in mRem. One-time exposure on a daily basis for 

most people is 25 mRem at most, while people working in radioactive environments 

with adequate protection may absorb up to 5,000 mRem at once. Anything more than 

10,000 mRem is considered dangerous even if exposure is short. Beyond this point, 

health concerns become immediate and the risk of illness is very high. These numbers 

reflect studies into populations that survived the Japan bombings of WW-II. Unlike 

other types of radiation, gamma rays travel so fast they pass through the entire body 

very quickly, affecting all organs and tissue. Their ionizing patterns mean exposed 

body parts can become ionized, their properties changed even after the gamma radiation 

itself has long evaporated [2], [6], [15] - [17]. 

 

1.2.1 Exposure through Inhalation 

 

Most of the variation in exposure to natural radiation results from inhalation of 

radioactive gases that are produced by radioactive minerals found in soil and bedrock. 

Radon is an odorless and colorless radioactive gas that is produced by the decay of 

uranium. Thoron is a radioactive gas produced by the decay of thorium. Radon and 

thoron levels vary considerably by location depending on the composition of soil and 

bedrock. Once released into the air, these gases will normally dilute to harmless levels 

in the atmosphere but sometimes they become trapped and accumulate inside buildings 

and are inhaled by occupants. Radon gas poses a health risk not only to uranium 

miners, but also to homeowners if it is left to collect in the home. On average, it is the 

largest source of natural radiation exposure. For more information on radon, read the 

CNSC’s Radon and Health document at nuclearsafety.gc.ca or visit Health Canada's 

Web site to learn more about the means to control it in your home [2], [6], [15] - [17]. 



12 
 

1.2.2 Exposure through Ingestion 

 

Trace amounts of radioactive minerals are naturally found in the contents of food and 

drinking water. For instance, vegetables are typically cultivated in soil and ground 

water which contains radioactive minerals. Once ingested, these minerals result in 

internal exposure to natural radiation. 

 

Naturally occurring radioactive isotopes, such as potassium-40 and carbon-14, have the 

same chemical and biological properties as their non-radioactive isotopes. These 

radioactive and non-radioactive elements are used in building and maintaining our 

bodies. Natural radioisotopes continually expose us to radiation and are commonly 

found in many foods, such as Brazil nuts [2], [6], [15] - [19]. 

 

 

1.2.3 Health Effect through Radiation Exposure 

 

The mission of Environmental Protection Agency’s (EPA) Radiation Protection 

Program is to protect human health and the environment from unnecessary 

exposure to radiation. It will provide basic information about the health effects of 

radiation. EPA uses current scientific understanding of the health effects of 

radiation exposure to create protective standards and guidance. 
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Fig. 1.5: Effect of Radiation on Human Body Tissues [15] - [19]. 

 

Ionizing radiation has sufficient energy to cause chemical changes in cells and dam- 

age them. Some cells may die or become abnormal, either temporarily or 

permanently. By damaging the genetic material (DNA) contained in the body’s 

cells, radiation can cause cancer. Fortunately, our bodies are extremely efficient at 

repairing cell damage. The extent of the damage to the cells depends upon the 

amount and duration of the exposure, as well as the organs exposed. A very large 

amount of radiation exposure (acute exposure) can cause sickness or even death 

within hour or days. Such acute exposures are extremely rare [2] – [6], [15] – [19]. 

 

The effect of ionization (Gamma) radiation on human body tissues are shown in 

Fig. 1.5 and Radiation doses, dose limits and potential health effects are shown in 

Table 1.2.  
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Table-1.2: Radiation Doses, Dose Limits and Potential Health Effects  

[2] – [6], [16] - [19] 
 

Dose Limit or Health Effect 

More than 5,000 mSv Dose that may lead to death when received all at 

once. 

 

1,000 mSv Dose that may cause symptoms of radiation 

sickness (symptoms include tiredness and nausea) 

if received within 24 hours. 

 

100 mSv Lowest acute dose known to cause cancer 

 

30–100 mSv Radiation dose from a full-body computed axial 

tomography (CAT) scan. 

 

50 mSv Annual radiation dose limit for nuclear energy 

workers. 

 

1.8 mSv Average annual Canadian natural background 

dose. 

 

1 mSv Annual public radiation dose limit in Canada. 

 

0.1–0.12 mSv Dose from lung X-ray. 

 

0.01 mSv Dose from dental X-ray 

 

0.01 mSv Average annual dose due to air travel. 

 

 

1.3 Gamma Radiation 

 

Gamma radiation is one of the three types of natural radioactivity. It is the product of 

radioactive atoms. Gamma rays are electromagnetic radiation, like X-rays.  The other 

two types of natural radioactivity are alpha and beta radiation, which are in the form of 

particles. Gamma rays are the most energetic form of electromagnetic radiation, with a 

very short wavelength of less than one-tenth of a nanometer. Depending upon the ratio 

of neutrons to protons within its nucleus, an isotope of a particular element may be 

stable or unstable. When the binding energy is not strong enough to hold the nucleus of 

an atom together, the atom is said to be unstable. Atoms with unstable nuclei are 
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constantly changing as a result of the imbalance of energy within the nucleus. Over 

time, the nuclei of unstable isotopes spontaneously disintegrate, or transform, in a 

process known as radioactive decay. Various types of penetrating radiation may be 

emitted from the nucleus and/or its surrounding electrons. Nuclides which undergo 

radioactive decay are called radionuclides. Any material which contains measurable 

amounts of one or more radionuclides is a radioactive material [20] – [21]. 

 

Gamma rays from radioactive decay are in the energy range from a few Kilo electron 

volts (KeV) to approximately 8 Mega electron Volts (MeV), corresponding to the 

typical energy levels in nuclei with reasonably long lifetimes. The energy spectrum of 

gamma rays can be used to identify the decaying radionuclides using gamma 

spectroscopy [16] - [17]. Gamma rays are created by nuclear decay, while in the case of 

X-rays, the origin is outside the nucleus. In astrophysics, gamma rays are 

conventionally defined as having photon energies above 100 keV and are the subject 

of gamma ray astronomy, while radiation below 100 keV is classified as X-rays and is 

the subject of X-ray astronomy. This convention stems from the early man-made X-

rays, which had energies only up to 100 keV, whereas many gamma rays could go to 

higher energies. A large fraction of astronomical gamma rays are screened by Earth's 

atmosphere. Gamma rays are ionizing radiation and are thus biologically hazardous. 

Due to their high penetration power, they can damage bone marrow and internal organs. 

Unlike alpha and beta rays, they pass easily through the body and thus pose a 

formidable radiation protection challenge, requiring shielding made from dense 

materials such as lead or concrete [20] – [21]. 

 

 

 

https://en.wikipedia.org/wiki/KeV
https://en.wikipedia.org/wiki/MeV
https://en.wikipedia.org/wiki/Astrophysics
https://en.wikipedia.org/wiki/Photon_energy
https://en.wikipedia.org/wiki/Electron_Volt
https://en.wikipedia.org/wiki/Gamma_ray_astronomy
https://en.wikipedia.org/wiki/X-rays
https://en.wikipedia.org/wiki/X-ray_astronomy
https://en.wikipedia.org/wiki/Ionizing_radiation
https://en.wikipedia.org/wiki/Radiation_protection
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1.3.1 Sources of Gamma Radiation 

 

Gamma emitting radionuclides are the most widely used radiation sources. The three 

radio nuclides are most useful: 

(i) Cobalt- 60 

(ii)  Cesium-137 

(iii) Technetium-99m 

Other than above mentioned sources soil and water, and therefore food sources, are 

primary vectors for gamma ray exposure, although levels are typically very low and do 

not pose a major risk. Most other sources are medical or industrial in nature. The 

general public may be exposed to gamma radiation through the use of medical scans 

and other investigative technology. Of course, nuclear detonation and accidents can be 

large-scale sources. [22] – [24]. 

 

1.3.2 Gamma Radiation Plants around the World 

 

The total dataset of the directory currently contains 83 organizations which operate 123 

irradiation units in 45 Member States. Lists of these Member States (MS) and their 

regional classification which is partly based on the IAEA classification system Gamma 

radiation plants around the world are shown in Table 1.3. The number in parenthesis 

following the name of Member State indicates the number of irradiation units operating 

there. 
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Table -1.3: Gamma Radiation Plants Around the World [22] – [24] 

 
 

Region  

(number of MS) 

Participating Member States 

Africa (3 Member 

States) 

Egypt(1), Ghana(1), South Africa(3) Regional total = 5 

irradiation units 

East Asia and the 

Pacific (12) 

Australia(2), Bangladesh(2), China(21), India(3), 

Indonesia(1), Japan(2), Korea (Republic of)(1), 

Malaysia(4), Philippines(1), Taiwan(2), Thailand(4), 

Vietnam(1) Regional total = 44 irradiation units 

Europe (18) Austria(1), Belgium(2), Bulgaria(1), Croatia(1), 

Germany(3), Greece(1), Hungary(3), Ireland(1), Italy(2), 

Portugal(1), Romania(1), Serbia & Montenegro(1), 

Sweden(1), Switzerland(1), Netherlands(3), Turkey(2), 

Ukraine(1), United Kingdom(5) Regional total = 31 

irradiation units Latin America (5) Argentina(1), Brazil(4), Chile(1), Mexico(2), Peru(1) 

Regional total = 9 irradiation units 

North America (2) Canada(1), United States of America(28) Regional total 

= 29 irradiation units 

West Asia (5) Iran(1), Israel(1), Jordan(1), Saudi Arabia(1), Syria(1) 

Regional total = 5 irradiation units 

 

 

1.3.3 Largest Gamma Source in Bangladesh 

 

The Co-60 Gammas sources are used for this research purpose as a highly radioactive 

source for visual monitor of the radiation doses for highly radioactive source and the 

real situation of the source room during its operational and non-operational conditions. 

Radioactive Co-60 slugs is placed inside the inner capsule. The inner cap-slug is kept in 

the source pencil then put into the source module. Several source modules were 

positioned in the source rack which was put into the pool water. The Co-60 Gamma 
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Source is shown in the Fig. 1.6 and The Co-60

 

Fig. 1.6: Co-60 Gamma Source and Source Rack at AERE, IRTP 
 

Gamma radiation plant shown in Fig. 1.7 is the highest Gamma radiation source in 

Bangladesh which is located at IRPT, Savar, Dhaka, Bangladesh respectively [25] – 

[27]. 

 

 
 

Fig. 1.7: Co-60 Gamma Plant Used in Research [25] - [27] 
 

 

1.3.4 Characteristics of Gama Radiation 

 

Key features of gamma rays are summarized in following few points: 

i) Gamma rays are high-energy photons. 
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ii) The same photons as the photons forming the visible range of the electromagnetic 

spectrum – light. 

iii) Photons have no mass and no electrical charge; therefore they cannot directly 

ionize matter, neither gamma ray. 

iv) Despite this fact, gamma rays ionize matter via indirect ionization. 

v) Although a large number of possible interactions are known, there are three key 

interaction mechanisms with matter named Photoelectric effect, Compton 

scattering and Pair production 

vi) Gamma rays travel at the speed of light and they can travel thousands of meters in 

air before spending their energy. 

vii)  Since the gamma radiation is very penetrating matter, it must be shielded by very 

dense materials, such as Lead or Uranium. 

viii) The distinction between X-rays and gamma rays is not so simple and has changed 

in recent decades.  According to the currently valid definition, X-rays are emitted 

by electrons outside the nucleus, while gamma rays are emitted by the nucleus. 

Gamma rays frequently accompany the emission of alpha and beta radiation [28] – 

[30].  

 

1.4 Sources of Cobalt 

 

1.4.1 Natural Sources 

 

Stable cobalt, Co-59, occurs in the earth’s crust at a concentration ranging from            

2 μg.g
- 1

 in carbonate rocks to 25 μg.g
-1

 in igneous rocks. Its principal ores are Sulphide 

or arsenic Sulphide ores (Obaltite, Smaltite and Linnaeite). Cobalt is used to make 

many alloys with applications in the electrical and aeronautical industries. It is also 

used in making permanent magnets, refractory metals and pigments and as an additive 
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in agriculture. Cobalt is present in ocean water at a concentration ranging from 

approximately 0.5 to 10 ng per liter. Off the coasts of England, it occurs in North Sea 

surface coastal water at an approximate concentration of 2 to 50 ng. Its average 

concentration is 1 μg.L
-1

 in fresh water and from 0.4 to 2.0 ng.m
-3

 in air. The chief 

natural sources of the stable isotope are wind erosion, sea spray, volcanic eruptions and 

forest fires. The radioactive isotopes are man-made. It is an essential trace element, 

particularly as the nucleus of vitamin B12, which is a coenzyme in many enzyme 

reactions including those of hematopoiesis [31] – [33]. 

 

1.4.2 Artificial Sources 

 

 

Cobalt-60 is a neutron activation product formed from structural materials in nuclear 

reactors. It can also be produced industrially through neutron activation of stable cobalt. 

It is used in nuclear medicine. Radioactive isotopes of cobalt are found in nuclear 

power reactors. They currently account for 39% of total gamma activity discharged as 

liquid effluent, with a total of 2.7 x 10
9
 Bq of 

58
Co and 3.5 x 10

9 
Bq of 

60
Co from all 

EDF (Electricity de France) plants in 2007. The period from 2003 to 2007 saw a 72% 

drop in 
58

Co discharge and a 35% drop for 
60

Co in 2009. In spent fuel reprocessing 

facilities, cobalt comes from fuel assemblies on which activation products have bound 

as oxides. 
60

Co is among the radionuclides also found in nuclear waste [31] – [33]. 

 

1.4.3 Radionuclide’s of Cobalt 

 

Radionuclides of Cobalt, its atomic mass, natural abundance and half-life are shown in 

Table 1.4. 
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Table -1.4: Radionuclide’s of Cobalt [34], [35] – 38] 

 

 

Nuclide 
59

Co 
56

Co 
57

Co 
58

Co 
60

Co 

Atomic 

Mass 

58.933 55.940 56.936 57.936 59.934 

Natural 

Abundance 

100% 0% 0% 0% 0% 

Half Life Stable, non-

radioactive 

77 days 270 days 71.3 days 5.27 years 

 

1.5 Significance of the Present Research 

 

Ionization radiation is the main concern to use radiation energy. Radiation detection, 

measurement and monitoring are an indispensable task for any radiation facility. The 

professional radiation workers cannot go near to highly radioactive sources. [1] - [4]. 

IOT or Internet of Things is a system of connecting physical device or sensors and 

everyday objects with computer based internet. This study intended to identify the 

poisonous gas and radiation leakage by using gas and radiation sensors and connecting 

them to IOT [38] - [39]. At present robotic technologies are used for these purposes. 

But the robots are made with sophisticated technology and high cost, not user friendly, 

difficult to move from one country to another country due to restricted by the country 

law, safety and security [40] - [41]. 

 

Developing a Gamma camera can visualize the gamma-ray intensity distribution in real 

time. The Gamma rays intensity distributions were successfully visualized. Prominent 

Gamma rays radiation was found from the penetration holes, which connect the inside 

and outside of the primary containment vessel. From this result, it was also found that 

shielding the penetration holes improved the work environment during decontamination 

and cleanup activities. These results indicate the Gamma camera can contribute to 
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decontamination work and radiation exposure reduction for workers. This developed 

Gamma camera which can visualize the gamma-ray intensity distribution in real time 

and analyze the emitting radionuclides without any cooling system. The energy 

resolution of Cs-137 was found good enough to separate it from Cs-134 

spectroscopically. By using the developed Gamma camera highly radioactive source 

can be visually monitored with the help display device but it is too much costly. 

Developing country may not be able to afford the cost [40] - [41]. 

 

Mobile robot had been developed to use for remote radiation measurement, however 

due to exposure of high level of absorbed dose, robot’s component’s durability was 

doubtful. The developed robot consists of a wheeled chassis and the radiation sensor 

and telescopic mechanism. In the radiation sensor and the telescopic mechanism, 

radiation sensor mounting at the end of the telescopic assembly, has been used as 

radiation sensor. The entire system can be rotated in elevation and azimuth. The 

developed robot is controlled by robot controlled software. This device was successful 

in radiation measurement without risking unwanted personnel radiation exposure. This 

system is expensive and controlled by the sophisticated technology. Recently, another 

researcher designed radiation measurement device using Geiger Muller detector, 

microcontroller and smartphone to display the result of radiation measurement. 

However, it cannot monitor the highly radioactive source and the real situation of the 

source room [42] - [47], [65].  

 

After updated through previous research papers mentioned above, this research has 

been carried out to find a simple, affordable and effective alternative device to use for 

the same purpose. The researcher is highly motivated to develop such a device which 
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does not have the limitations mentioned above. The developed device may be helpful 

for the developing countries of the world with the following benefits: 

i) Safe entrance of radiation workers 

Without putting appropriate Personal Protective Equipment (PPE) the radiation 

workers cannot inter into the highly radioactive source room for maintenance or 

any other purpose. The highly radioactive sources also need to inspect in case of 

any need or accidental issue. It is very difficult to handle the highly radioactive 

source for radiation workers due to health concern. 

ii) Minimize the use of Robotic System 

Robots are used for safe handling of radioactive sources by the radiation 

workers. However, robots are made of sophisticated and expensive technologies 

which are administratively and technically very difficult to move from one 

country to another. 

iii) Least possible use of Gamma Ray Protection Camera 

Also radiation protective (Gamma protective) camera is used for continuous 

monitoring the real situation of highly radioactive source position and real 

situation of source room. Gamma ray protective cameras are also very 

expensive and sophisticated. To overcome the above mentioned limitations this 

research has been carried out under the titled “Development of Electronic 

Device for Detecting, Measuring and Visual Monitoring of Radiation Doses for 

Highly Radioactive Sources [43] – [48]. 

 

1.6 Specific Aim and Objectives of the Research  

 

 

The specific aim and objectives of this research is to develop an electronic device for 

detecting, measuring and visual monitoring of radiation doses for highly radioactive 
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sources and its position with the help of a computer monitor by which causes of 

unexpected situation can be minimized. However, the main objectives of the research 

are: 

i) In this research electronic device for detecting, measuring and visual 

monitoring of radiation doses for highly radioactive sources have been 

developed. 

ii) To analyze the dose level in Gamma radiation source room near to Gamma 

radiation source (Co-60) by using Amber and red Perspex to achieve the 

deviation of experimental results within the acceptable limits (≤+2.00%). 

iii) To investigate the effectiveness of the developed device experimentally. 

 

1.7 Organization of the Thesis 

  

 

The dissertation has been configured into six chapters.  

i)    Introduction 

The chapter begins with a General Introduction, radiation exposure, Gamma 

radiation; Sources of Cobalt and significance of present research. The 

objectives of the Thesis works and organization of the Thesis are also 

included.  

ii) Literature Review 

In this chapter, literature surveys from various published papers which are 

reviewed closely related to this research works.   

iii) Methodology and Experimental Procedure 

This chapter describes step by step experimental procedure along with the 

required materials, details of laboratory equipment used to fabricate and 

experiments.  
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iv) Experimental Results and Observation 

In this chapter it is described briefly on the results and discussion of 

“Development of Electronic Device for Detecting, Measuring and Visual 

Monitoring of Radiation Doses for Highly Radioactive Sources.”  

v) Discussion on Results and Relevance 

In this chapter discuss on the results found in the research and relevance to the 

previous works to validate the experiments. 

vi) Conclusion and Recommendation for Future Studies 

This chapter highlights some concluding remarks on present work and gives 

recommendation for future research on related to “Development of Electronic 

Device for Detecting, Measuring and Visual Monitoring of Radiation Doses 

for Highly Radioactive Sources.” It includes also the requirement of list of 

references to carry out the thesis works and appendix. 
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Chapter-2 

 

Literature Review 

 

2.1 History of Invention of Radiation 
 

 

The chronological histories of invention of radiation are mentioned below: 

i) In 1895 X-rays were discovered by W. Roentgen. 

 

ii) In 1896, the French physicist Antoine-Henri Becquerel found that certain 

substances, (such as salts of uranium) produce invisible penetrating energy from 

an unknown source. This phenomenon was termed as radioactivity.  

 

iii) 1898 the French marriage of Pierre and Marie Curie in their research found the 

existence of another element higher than the activity of uranium; in honor to his 

country they called it polonium. They also discovered a second element called 

radium. 

iv) In 1944, Father of Nuclear Chemistry, Dr. Otto Hahn, the German chemist and 

pioneer in the fields of radioactivity and radiochemistry who won the Nobel 

Prize in Chemistry for the discovery and the radiochemical proof of nuclear 

fission. 

v) In 1939-1945, Robert Oppenheimer is called the “Father of the Atomic Bomb" 

for leading the Manhattan Project, the program that developed the first nuclear 

weapon during 2nd World War. 

vi) On December 20, 1951, at the Experimental Breeder Reactor EBR-I in USA, for 

the first time electricity - illuminating four light bulbs - was produced by 

nuclear energy. EBR-I was not designed to produce electricity but to validate 

the breeder reactor concept. 
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vii) On June 26, 1954 in Russia, the nuclear power plant APS-1 with a net electrical 

output of 5 MW was connected to the power grid, the world's first nuclear 

power plant that generated electricity for commercial use. 

viii) On August 27, 1956 the first commercial nuclear power plant, Calder Hall-1 in 

England, with a net electrical output of 50 MW was connected to the national 

grid [48] – [52]. 

 

2.2 Review Previous Research Papers 

 

 The objectives of this literature review are to highlight the previous research works 

related to this research. The purposes may also be considered to enhance the knowledge 

on the relevance study. Massive works had been carried out including robotic system 

by the nuclear scientists in the world for detecting, measuring and monitoring the 

radiation from different sources. Every scientist achieved desire outcome from their 

research activities and they were given some future recommendation on research and 

invention.  A significant numbers of relevant literatures have been studied in order to 

do successful completion of the study and to emphasize the relevance with the present 

study. This background information shows some new path of research and invention.   

 

A. E. Waltar [14] worked on “The Medical, Agricultural, and Industrial Applications of 

Nuclear Technology.” In this research it is explained the application of nuclear energy 

in the field of Medical, Agriculture and industrial appliances. Most of people are aware 

of the use of nuclear fuel and technologies to the production of electricity by 

commercial nuclear power plants. Bu many of them are not known that the impact of 

this technology is much higher for medicine, agriculture, and modern industry 

substantially improved by the harnessing of radioisotopes, and new applications 

continue to make our healthy and confortable life. In the paper it is also clearly written 
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that the peaceful use of nuclear atoms for the human comfort of the world. The positive 

impacts that have been achieved in the past 50 years are nothing short of astonishing. 

Successful endorsement of food irradiation alone could easily double the impacts 

achieved to date. Such non-power applications remain a challenging and rewarding 

field for the best and brightest of our next generation of radiation scientists and 

engineers. 

 

D. R. McAlister, Ph.D. [26] worked on, “Gamma Ray Attenuation Properties of 

Common Shielding Materials”. In this research different types of materials used to 

reduce the amplitude of gamma rays. Researcher used different types of shielding 

materials including composite materials. It is essential to provide shielding to reduce 

direct exposure to gamma radiation. Common shielding materials are with limited 

portability, such as high density concrete, lead bricks, steel plates and cooling pools 

filled with water. The composite materials are mostly popular as shielding materials 

due to its special characteristics. During evaluation the merits of these composite 

materials relative to the more classic forms of shielding, it is important to understand 

the basic principles that lead to reduction of amplitude of gamma ray. Simply, shielding 

of gamma radiation occurs through the interaction of the gamma radiation with matter. 

The extent to which gamma radiation is reduced is dependent upon the energy of the 

incident gamma radiation, the atomic number and density of the elements in the 

shielding material, and the thickness of the shielding. The reduction of amplitude of 

gamma radiation can be achieved by using varieties of substances. Reduction of 

amplitude is possible for gamma radiation using materials especially for a specific type 

of application. Using the knowledge and considering the physical, chemical and fiscal 

constraints it is possible to develop appropriate type of shielding. The uses of various 

types of materials for shielding are very much clear from the paper. 
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Paulo de S. S. et al [36] worked on “C-188 Co-60 Sources Installation and Source Rack 

Loading Optimization Processes in Gamma Irradiation facilities.” The research was 

carried out on the Gamma source carry, handling and installation process for 

multipurpose use of Gamma facility at the Nuclear and Energy Research Institute. This 

facility uses usually designed and made by Nordion and the model is C-188.  C-188 

double-encapsulated radioactive Cobalt-60 sources kwon as pencils from manufactures 

outside of country. The Gamma source has been used in radiation processing for 

disinfection and sterilization of health care. It is also used for disposable medical 

products as well to support research studies on modification of physical, chemical and 

biological properties of several materials. The activity of the cobalt sources decays into 

a stable nickel isotope with a half-life 5.27 years. It indicates the annual loss is 12.3%. 

Additional pencils of Cobalt-60 are added periodically to the source rack to maintain 

the required capacity or installed activity of the facility. The sources are carried in a 

container; it is required to remove the pencils from inside deep pool water with source 

geometry in a predetermined diagram. The dose variation can be reduced placing the 

higher activity source pencils near the periphery of the source rack. In this work are 

presented the procedures for perform the boiling leaching tests applied to the container, 

the Cobalt-60 sources installation, the loading processes and the source rack loading 

optimization. It is also explained in the paper that the process require six radiological 

security standards.  It shows the complexity of the loading process to ensure that there 

is no risk for the currently operations, despite of the apparent simplicity of the process. 

This work showed a description of the loading process, in such way that can be a 

reference to an eventual installation manual for the cobalt-60 radioactive sources. The 

installation of Co-60 must be handled with special care as it is highly radioactive. 
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A. Kannapan et al [38] worked on “Toxic Gas and Radiation detection monitoring 

using IOT.” This research was carried out for the detecting radiation detection 

monitoring in hazardous and chemical industries giving more emphasize on those of 

developing countries where safety and environment are not given priority. IOT or 

Internet of Things is a system of connecting physical device or sensors and everyday 

objects with computer using internet. This study intended to identify the poisonous gas 

and radiation leakage by using gas and radiation sensors and connecting them to IOT. 

The system developed by using Wi-Fi module transmitting and receiving information at 

54 Mbps (Mega bite per second). The researcher fabricated the circuit by using Arduino 

Uno r3, MQ2 gas sensor, MQ7 gas sensor, MQ135 gas sensor, Radiation count sensor, 

Alarm, Temperature sensor lm35, Wi-Fi module, IOT module, LCD display and 

Website. The MQ2 gas sensor can sense methane, MQ7 can detect Carbon Monoxide 

from 20 to 200 PPM, MQ135 can detect ammonia. Temperature sensor lm35 detects 

temperature in closed rooms; Radiation count sensor can detect radiation. In this 

research an intelligent system was programmed to detect and monitor poisonous gas 

and radiation integrating Arduino controller and IOT. However, no visual monitoring 

the real situation during incident was not possible from the developed system. Also the 

radiation absorbed dose measurement could not be possible from the developed system.  

 

O. Koichi et al [40] carried out research works on “Development of a gamma camera to 

image radiation fields.” Gamma camera had been developed successfully for 

monitoring and measurement of radioactive contamination and confirmation of the 

decontamination effects which are important for the recovery from the nuclear accident 

at the Fukushima Dai-ichi Nuclear Power Plant. In the study developed a Gamma 

camera which can visualize the gamma-ray intensity distribution in real time. 
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Experiments were conducted to investigate its performance. In addition, field tests were 

conducted in the Fukushima Dai-ichi Nuclear Power Plant. The Gamma-ray intensity 

distribution was successfully visualized. Prominent Gamma-ray radiation was found 

from the penetration holes, which connect the inside and outside of the primary 

containment vessel. From this result, it was also found that shielding the penetration 

holes improved the work environment during decontamination and cleanup activities. 

These results indicate the Gamma camera can contribute to decontamination work and 

radiation exposure reduction for workers. This developed Gamma camera which can 

visualize the gamma-ray intensity distribution in real time and analyze the emitting 

radionuclides without any cooling system. The energy resolution of Cs-137 was found 

good enough to separate it from Cs-134 spectroscopically. It is found that inside some 

penetration holes turned out to be highly contaminated with Cs-137 and Cs-134, and 

others were less contaminated. By using the developed Gamma camera highly 

radioactive source can be visually monitored with the help display device. 

 

U. Sarker et al [42] carried out a research works on “Development of a Mobile Robot 

for Remote Radiation Measurement.” In this research a mobile robot had been 

developed to use for remote radiation measurement, however due to exposure of high 

level of absorbed dose, robot’s component’s durability was doubtful. The developed 

robot consists of a wheeled chassis and the radiation sensor and telescopic mechanism. 

The wheeled chassis was made of stainless-steel including battery, the electronics 

systems, the actuator and drives. In the radiation sensor and the telescopic mechanism, 

radiation sensor GM sensor, mounting at the end of the telescopic assembly, has been 

used as radiation sensor. The entire system can be rotated in elevation and azimuth. The 

developed robot is controlled by robot controlled software, a joy stick and button in a 

desktop computer. This device was successful in radiation measurement without risking 
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unwanted personnel radiation exposure. This system is expensive and controlled by the 

sophisticated technology. However, it cannot monitor the highly radioactive source and 

the real situation of the source room. 

 

M. J. Bakari et al [43] worked on “Development of a Multi-Arm Mobile Robot for 

Nuclear Decommissioning Tasks”. In nuclear decommissioning practice there is a risk 

of exposure of radiation to workers and wider range of environment. Currently the 

robotic cranes are used in Decommissioning of radiation facilities, like a large power 

plant. In this research the design of two-arm mobile delivery platform adopted from 

human arm in maneuverability, scale and handiness to operate in nuclear 

decommissioning sites. Using Proportional-integral-derivative and proportional-

integral-plus control algorithms real time control method was examined. The mobile 

platform is contained 40 decommissioning robot which can be operated in small and 

confined space consisting moving vehicle with single five degree of freedom 

manipulator, Hydraulic tank, controller and remote-control device. The architectural 

design consists of system structure which defines major component organization and 

decomposition, second form is the system behavior which defines the inherent 

dynamics in the system and shows the system behavior during operation and the system 

layout. Using this robot tasks like pipe manipulation, complex pipe cutting has been 

performed successfully using single and both arms.  This system uses graphical 

simulations which enables the correctness of the robot. Although, this study focused 

mainly on complex activity in the decommissioning task using multi arm robot. 

However, radiation detection, measurement and monitoring were not the scope of this 

research. 
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Almgren, S. [60] carried out the research works on “Studies on the Gamma Radiation 

Environment in Sweden with Special Reference to 
137

Cs.” Gamma radiation in the 

environment mainly originates from naturally occurring radionuclides, but 

anthropogenic radionuclides, such as 
137

Cs, contribute in some areas. In order to assess 

population exposure in case of fallout from nuclear weapons or accidents, knowledge 

and monitoring of external gamma radiation and radionuclide concentrations in the 

environment is important. 34 sampling sites were established in western Sweden and 

repeated soil sampling, field gamma spectrometry and dose rate measurements were 

performed. The variations in the activities between the different sampling occasions 

were found to be quite large. The paper also explained about nuclear weapon test and 

Chernobyl nuclear accidental issues. A wide spread deposition of radionuclides was 

caused by the Chernobyl accident and parts of Sweden were highly affected. Since the 

latest deposition, 
137

Cs can still be measured in the environment and contributes to 

additional doses to people. However, today people generally spend much time in their 

dwellings, and therefore, the radiation environment indoors is more important for the 

personal exposure. The additional contribution from the Chernobyl 
137

Cs fall out in 

Hille was estimated to be about 0.2 mSv/year. The dose level became higher after the 

Chernobyl accident. It is also explained in the paper that the people living in concrete 

houses received on average higher doses from terrestrial radionuclides than those living 

in wooden houses. 

 

S. Alexander [61] carried out research works on “Use of Concrete as a Biological 

Shield from Ionizing Radiation.” A research works was carried out on the use of 

Concrete as a Biological Shield from Ionizing Radiation. The purpose of the shielding 

is very important to use nuclear energy. The researcher explained some important 

matter need to keep in mind to use of nuclear energy comes down to three main 
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considerations, safety of use,  ability of nuclear energy generation to reduce greenhouse 

gas emissions and long term sustainability. The paper addressed the problem of safety 

in the industrial and medical use of nuclear energy, as it is affected by the design and 

construction of light and heavy weight concrete biological shields from ionizing 

radiation. In shielding concrete, designed to provide the highest attenuation of gamma 

and neutron radiation, a delicate balance must be achieved between the proportion of 

high density aggregate and the ingredients, which contain hydrogen in a form of 

chemically bound or adsorbed water. 

 

B. P. Gloria et al [62] carried out research works on “An Implantable MOSFET 

Dosimeter had been used for the Measurement of Radiation Dose in Tissue during 

Cancer Therapy. The functionality, radiation characteristics, and clinical 

implementation of an implantable MOSFET radiation detector (dosimeter) had been 

successfully done in this research. The dosimeter is powered by radio frequency telemetry 

eliminating the need for a power source inside the dosimeter. The data can be accessed 

telemetrically for each treatment day during the course of therapy. The accuracy and 

validation can be confirmed by detector. The variation between predicted and measured 

doses in patients is compared. The paper also explained that patient setup, treatment plan 

error, and physiologic motion can affect the accuracy of dose. The initial data suggests that 

the dosimeters can play a useful role in tracking dose discrepancies, both random and 

systematic, in patients treated with external beam radiation therapy. The implantable 

dosimeter can be used, together with the current radiation delivery and planning techniques, 

to optimize radiation treatment on an individual basis. This dosimeter can be used for the 

individual purpose only. 

 

 

C. Adam et al [63] worked on “Radionuclide fact sheet cobalt-60 and the 

environment.” In this research, described the behavior of the chemical element in the 

https://ieeexplore.ieee.org/author/37824551200
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principal compartments of terrestrial and aquatic ecosystems using the following 

assumptions. Isotope discrimination is negligible, which is verified for most of the 

elements considered. When the element has stable isotopes, the behavioral analogy 

between the stable and radioactive isotopes is accepted implicitly, with the 

understanding that for naturally occurring elements, the chemical form and emission 

environment for anthropogenic discharge may involve pathways and transfer processes 

different from those identified for the stable natural element. The radioactive isotope 

designated in the title of the fact sheet has major radio ecological importance with 

regard to quantity and persistence in the environment, with other isotopes, both 

radioactive and stable, being cited as well. The information, which has intentionally 

been simplified, is intended to reflect the state of knowledge on the topic at the time of 

publication and provide values for the principal radio ecological parameters normally 

used to estimate transfer in the environment and in the food chain in particular. 

 

O. Makiko et al [64] carried out research works on “Measurement of Individual Doses 

of Radiation by Personal Dosimeter is Important for the Return of Residents from 

Evacuation Order Areas after Nuclear Disaster.” In this research it is successfully found 

that the confirm the availability of individual dose evaluation for the return of residents 

after the accident at the Fukushima Dai-ichi Nuclear Power Plant (FNPP), we evaluated 

individual doses of radiation as measured by personal dosimeters in residents who 

temporarily stayed in Evacuation Order Areas in Kawauchi village, which is partially 

located within 20 km radius of the FNPP. It is also compared individual doses with the 

external radiation doses estimated from the ambient dose rates and with doses estimated 

from the concentrations of radionuclides in the soil around each individual's house. 

Individual doses were significantly correlated with the ambient doses in front of the 

entrances to the houses in the backyards and in the nearby fields. The ideas of the dose 
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level are explained in this paper. The individual doses were moderately correlated with 

external effective doses in the back yards and in the fields however, the individual 

doses were not significantly correlated with the external effective doses in front of the 

entrances. In this study it is confirmed that individual doses are low levels even in the 

evacuation order area in Kawauchi village, and external effective dose levels are 

certainly decreasing due to the decay of artificial radionuclides and the decontamination 

of contaminated soil. Long-term follow-up of individual doses as well as internal-

exposure doses, environmental monitoring and reconstruction of infrastructure are 

needed so that residents may return to their home towns after a nuclear disaster. The 

clear picture of radiation level was given for the safety of the person whom is staying in 

the Kawauchi village.   

 

A. Budiman et al [65] carried out research works on “The design of digital instrument 

connected to android based smartphone to measure radiation.” It has been done on the 

basis of Indonesian Government Regulation of 2007 on Safety and Health of Ionizing 

Radiation Utilization. The Regulations stated that it is necessary to take preventive 

measure of radiation exposure for X-ray machine to protect officers, patients and the 

public from radiation.  At present in Indonesia there are few devices that can measure 

the dose of radiation. Indonesia holds very less radiation dose measurement device in 

health care institutions which is great problem in the country. So, it is difficult to 

protect the professional radiation workers. The researcher designed radiation 

measurement device using Geiger Muller detector, microcontroller and smartphone to 

display the result of radiation measurement. The study consisted of one intervention 

group and one control group. The intervention group used design of radiation 

measurement device while the control group used a standard radiation measurement 

device. The designed device is a digital radiation measurement device that could be 
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connected with android-based smartphone via Bluetooth connectivity commonly used 

by the mobile users but the researcher did not mentioned about operational protect of 

the developed device.  

 
 

2.3 Summary of Review of Previous Research Papers 

 

In the recent couple of years numerous studies have been carried out on the radiation 

measuring, detecting and monitoring. From reviewing the above literatures, effects of 

radiation and different way of going to highly radioactive source room near to the 

sources have been learned. The previous researchers used IOT [38], Gamma camera 

[40], mobile robots [42]; multi arms mobile robots [43], MOSFET dosimeter [62] and 

smart phone with micro controller [65] for monitoring, measuring dose rates and 

decommissioning of nuclear establishment and facilities. Most of the researches carried 

out their research works with very sophisticated and expensive technologies which is 

also very difficult to handle and relocate from one place to another. So, in this research 

works, researcher developed a simple alternative device of existing complex and highly 

technical devices to overcome the above mentioned complex situations. The developed 

device is user friendly, cheaper, easy to handle and no specialized trainings are required 

to operate and monitor highly radioactive source. 
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Chapter-3 

 

Materials and Experimental Procedure 

 

 3.1 Materials 
 

3.1.1 Selection Criteria 

 

The selection and fabrication of materials are carried out with its utilization of optimum 

capacity and economy.  However, the materials have been selected on the basis of 

following: 

i) Budgetary cost of materials 

ii) Purpose of use 

iii) Appropriate capacity 

iv) Optimum use of capacity 

v) Experimental suitability 

vi) Durability and reliability  

vii) Availability 

viii) Easy to handle 

ix) Easy to shift from one location to another 

x) Sustainability in radiation hazard. 

The flow chart of the material selection, fabrication and performance test are shown in 

the Fig.3.1. 
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3.1.2 Flow Charts for Materials Selection, Fabrication and Developing 

Device 

 
 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3.1 Flow Charts for Materials Selection, Fabrication and Developing Device 
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3.1.3 Materials Used in Experiments 

 

 

To make effective develop device the materials is very important. It has been selected 

on the basis of requirement, purpose of use, availability, quality and affordable cost. 

However, the selected materials and devices have been divided into three categories  

i) Major material and devices 

ii) Associated material and devices  

iii) Radiation related materials 

 

3.1.3.1 Major materials and device 

 

 

3.1.3.1.1 Microprocessor controller (ESP8266) 

 

Microcontroller is an integrated circuit that contains a microprocessor along with 

memory and associated circuits and that controls some or all of the functions of an 

electronic device. It interfaces with router via Wi-Fi and execute the command given by 

user. Its operating voltage is 3 to 5V DC. 

 

3.1.3.1.2 Motor driver module (L298D) 

 

Driver module is used to drive inductive loads that requires forward and reverse 

function with speed control. The module is used to control the speed of the carrier. Its 

minimum and maximum operating voltage is 5 to 24V DC.  

 

3.1.3.1.3 Metal Gear Motor (GM25-370) and wheels 

 

These components are used to supply torque to the carrier. A 250 rpm with 350 mA 

gear motor has been used which has a torque of 15 kg-cm. Capacity of this gear motor 

is 20W. This torque is providing power to the rear wheels but front wheel is having 

acute angle rotational facilities so that it can move in a narrow space. The motor can be 
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operated by the motor driver module with its three modes of speed, slow, medium and 

high speed. Operating voltage is 9 to 24V DC. 

 

3.1.3.1.4 Groove MOSFET 

 

For voltage amplifier and switching Groove MOSFET has been used. It can be operated 

by 3 to 5V DC. 

 

3.1.3.1.5 Bread board 

 

A Mini bread board has been used to give connection and power supply to different 

circuits. The size of the Bread Board is 3.0cmX5.0cm. 

 

3.1.3.1.6   Project box and main carrier box 

 

The project box has been made by the plastic fabricated sheet, nut and bolts with the 

dimension of 40.00cmX25.00cmX10.00cm with the help of local workshop. It consist 

the base plate on the top to fix the main carrier box. Metal gear motor with wheels, 

motor drive modules and acute angle wheels are connected with the project box in the 

rear and front respectively according to the design. The main circuits with its all 

equipment and battery have been placed inside the box. The main carrier box has been 

made by the steel sheet, steel bar and nut-bolts with the dimension of 

45.00cmX30.00cmX11.00cm.  

 

3.1.3.1.7     Wi-Fi device 

 

A 240/5V, 0.60A duel land port designed, 150Mbps, 2.4GHzs wireless router (TP Link, 

Model TL-WR720N) has been used as wireless communication device. The router and 

the Microcontroller has axis to communicate each other. 
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3.1.3.1.8     Arduino UNO r3 

 

The Arduino UNO is an open-source microcontroller board based on the Microchip 

ATmega328P microcontroller and developed by Arduino. Open source platform 

consists of both a physical programmable circuit board and a pitch of software that runs 

on computer, “Uno” means one in Italian and was chosen to mark the release of 

Arduino Software generating timer signal. Its operating voltage is 5 to 12V DC. 

 

3.1.3.1.9    Lipo battery and charger 

 

 

To power supply to different circuits  12V, 4500mAh rechargeable battery has been 

used which can be recharged by the charger operated by input/output 220V AC/12V 

DC.  

 

3.1.3.1.10   Buzzer (Alarm) 

 

Audio signaling device is a mechanical or electromechanical device. Typical uses of 

buzzers include alarm devices, timers, and confirmation of user input such as a mouse 

click or keystroke. Operating voltage is 3 to 5V DC.  

 

3.1.3.1.11  Real time counter (RTC DS1307)  

 

It is a specialized type clock used for measuring specific time interval. The operating 

voltage is 3-5V DC. 

 

3.1.3.1.12   Ordinary remote controlled carrier 

 

 

The Ordinary remote controlled carrier is a simple ordinary car with remote control 

operated by 12V DC battery. It is constructed with four small wheels, carrier and built 

in sensor circuit. The carrier is having two parts, lower part holds chassis and wheels 
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and upper part holds carrier box to carry all experimental devices (Lead box, camera, 

amber dosimeter, etc.). 

 

3.1.3.2    Associated materials and devices  

 

3.1.3.2.1 Lead block and Lead sheet 

 

Six lead blocks are used in the experiment in the first stage of the developed device 

with dimension 30.00cmX30.00cmX15.00cm. The purpose of use is to make block for 

the camera to protect from the radiation. The Lead sheet is used for fabrication of lead 

box.  

 

3.1.3.2.2 Lead box with steel frame 

 

To Shield the camera lens and electronic device from radiation a lead casing has been 

used. Lead has a very good shielding characteristic against gamma radiation.  A lead 

box is fabricated from the lead sheet measuring 18cmX14cmX18cm with the thickness 

of 2.5 cm. 

 

3.1.3.2.3 Lead mirror  

 

A lead mirror is a leaded glass and can be used as a shielding material. The main 

objective of the glass is to reflect the actual scene of the source.  The lead present in the 

glass increases the attenuation of ionizing photons emitted by source because this 

property increases dramatically as the atomic number of the attenuating material 

increases. The mirror has the properties of refractive index 1.50; Thermal expansion 

coefficient is 80 X 107/℃. The Lead mirror used in the experiment is shown in Fig. 

3.2. 
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Fig.3.2: Lead Mirror (61cmX46cmX0.50cm) 

 

3.1.3.2.4 Electrical cable with connector 

 

To connect the CC camera with computer, coaxial cables have been used. Power cables 

are used for the computer. RJ 45 and USB connector has been used for camera and 

computer. 

 

3.1.3.2.5 Basic electrical tools 

 

Some basic electrical tools have been used in this investigation. These basis electrical 

tools are used for testing power supply to all relevant circuits and its functionality test. 

Voltmeter, ammeter, Ohmmeter, tester, screw driver, glue gun etc are used in the 

experiment. 

 

3.1.3.2.6 Computer/Laptop  

 

A personal computer has been used with a following specification.  

i) Intel Core i5 processor  

ii) 8GB RAM 
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iii) solid-state hard drive with 256GB 

iv) operating system: Windows 10 (64 bit encryption),  

v) 802.11 N wireless card or better (5GHz or faster recommended) 

vi) 100Mbps network card or faster, with RJ-45 cable (for wired connections). 

 

3.1.3.2.7 Camera/CC Camera 

 

 

A CCD (couple-charged device) camera is an image capture device that utilizes an 

image sensor to register visible light as an electronic signal. These types of cameras do 

not use photochemical film to capture stills or video. Instead, the electronic signal is 

recorded to either an internal memory or a remotely connected device. The 

Specifications of camera are Brand-Panasonic, Country-Japan, Style-bullet Camera, 

Resonance-6 mega pixel and IR Range 0-30m.  The use camera and cc camera are 

shown in Fig.3.3. 

 

 

 

Fig. 3.3: Camera/CC Camera Used in the Experiments 

 

3.1.3.3   Radiation related materials 

 

 

3.1.3.3.1 Amber and red Perspex 

 

 

The trade name of the dosimeter is amber and red Perspex but chemical compositions 

are Poly-Methyl Methacrylate (PMMA) (C5H8O2)n. They darken when irradiated, and 
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the radiation-induced darkening, accurately measurable by means of UV 

Spectrophotometer, is a function of the radiation dose absorbed. Three types of Perspex 

are used for measuring absorbed doses depending upon sources but in this experiment 

amber and red Perspex have been used. 

i) Amber Perspex is suitable to use for absorbed dose range 1-30 kGy which is 

used in this experiment. 

ii) Red Perspex is suitable to use for absorbed dose range 5-50 kGy which is also 

used in the experiment. It can also be used instead of amber Perspex.  Both 

Amber and red Perspex is shown in Fig.3.4.  

 

 

Fig. 3.4: Amber and Red Perspex 

3.1.3.3.2  Co-60 Source 

 

 

The largest Co-60 source is located at Institute of Radiation and Polymer Technology 

(IRPT), Atomic Energy Research Establishment (AERE), Savar, Dhaka, Bangladesh. In 

the year of 2009 the initial activity was 350 kCi but the present activity is 120 kCi or    

44, 40,000 GBq. This Gamma plant is used for commercial irradiation of food and 

medical appliances. 

 

Amber Perspex 

(3042) 

Red Perspex 

(4034) 
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3.1.3.3.3 Pocket dosimeter 

 

 

Pocket dosimeters are used to provide the researcher with an immediate reading of 

exposure to X-rays and gamma rays. As the name implies, it is commonly worn in the 

pocket. Two types are commonly used Direct Read Pocket Dosimeter and Digital 

Electronic Dosimeter. 

 

3.1.3.3.4 Survey meter 

 

Survey meters are portable radiation detection and measurement devices used to detect 

and measure external or ambient ionizing radiation fields. They are also used to detect 

and monitor personnel, equipment and facilities for radiation and radioactive 

contamination. 

 

3.1.3.3.5 Ultra violet spectrophotometer 

 

 

UV spectroscopy is a type of absorption spectroscopy in which light of ultra-violet 

region (200-400 nm) is absorbed by the molecule. Absorption of the ultra-violet 

radiations results in the excitation of the electrons from the ground state to higher 

energy state. The absorbed energy of the ultra-violet radiation is equal to the energy 

difference between the ground state and higher energy states.  It obeys the Beer-

Lambert law, which states that when a beam of monochromatic light is passed through 

a solution of an absorbing substance, the rate of decrease of intensity of radiation with 

thickness of the absorbing solution is proportional to the incident radiation as well as 

the concentration of the solution. In the experiment, the Ultra violet spectrophotometer 

has been used to measure the absorbed dose in the amber and red Perspex with the help 

of Harwell (UK) provided standard chart.  
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3.2 Fabrication of Material and Associated Devices 

 

 

3.2.1 Fabrication of Lead Box 

 

 

At first Lead is melted and lead sheet had been prepared with the help of local 

workshop. A lead box is fabricated from the lead sheet measuring 180mmX135mmX 

175mm with the thickness of 25 mm by the lathe machine of local workshop. One hole 

is kept at the lead box in such a way that camera can be placed inside the lead box and 

the lens of the camera to be placed to the hole in such a way the lens of the camera can 

capture the images from the lead mirror to avoid the damage of lens due to direct effect 

radiation. The fabricated Lead box is shown in Fig.3.5. 

 

 

 

Fig. 3.5: Fabricated Lead Box for Shielding Camera 

 

3.2.2 Fabrication of Microcontroller Circuit  

 

 

 

The selected materials and the circuit element are place inside the project box. The 

equipment is fixed by glue with the help of glue gun on the platform of project box. 

Power supplies of all equipment are ensured from common power supply of mini bread 

board. Necessary wirings have been completed shown in Fig.3.6. The wiring of 

microprocessor controlled carrier is shown in 3.7. 
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Fig. 3.6: Connection Diagram of Microprocessor Controlled Circuit 

 

 

 
 

Fig. 3.7: Wiring of Microprocessor Controlled Circuit 
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3.2.3 Ordinary Remote Controlled Car 

 

The ordinary car is purchased from local market. An ordinary remote controlled car 

consists of a tray; four wheels front and rear axles as like small toy car. Source of 

power is the DC battery. It can carry the lead box, camera, amber dosimeters and red 

Perspex and lead mirror to place near to the source at the source room. The ordinary car 

used in the experiment shown in Fig.3.8. 

 

 
 

 

Fig.3.8: Ordinary Remote Controlled Car 

 

 

3.2.4 Functional Test of all Fabricated Material and Devices 

 

It is essential to carry out functional tests of the material and devices. In microcontroller 

circuit an encoder is used for conversion of information from one format or code to 

another for the purpose of standardization, speed or compression. However, the 

individual element functional tests of fabricated microcontroller circuit are done and the 

test sheet is shown in table-3.1. 
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Table-3.1: Functional Test of Equipment and its Input and Outputs 

 
 

 

Name of 

Equipment 

Input  

Voltage 

DC 

Output 

Voltage/ 

current 

DC 

 

Remarks 

Metal gear 

motor (GM25-

370) 

9-24V 

350mA 

     - To supply torque to the micro controlled 

carrier wheel- tested. 
 

Driver (L298D) 12V 5/24V Speed controller of carrier-tested. 
 

Micro 

controller 

(ESP 8266) 

5V 3V Microcontroller an integrated circuit that 

contains a microprocessor along with memory 

and associated circuits and that controls some 

or all of the functions of an electronic device. 

It interfaces with router via WiFi and execute 

the command given by user-Tested. 
 

Groove 

MOSFET 

5V 12V Voltage Amplifier and switching –Tested. 

Buzzer 5V - Audio signaling device which may be 

mechanical, electromechanical. Typical uses 

of buzzers include alarm devices, timers, and 

confirmation of user input such as a mouse 

click or keystroke-Tested. 
 

RTC DS1307 

(Timer counter) 

5V - Time Counter, Specialized type of clock used 

for measuring specific time interval-tested. 
 

Arduino UNO 

r3 

12 V 12/5V The Arduino UNO is an open-source 

microcontroller board based on the Microchip 

ATmega328P microcontroller and developed 

by Arduino. Open source platform consists of 

both a physical programmable circuit board 

and a pitch of software that runs on computer, 

"Uno" means one in Italian and was chosen to 

mark the release of Arduino Software (IDE) 

1.0 [1]. Generating Timer Signal-tested. 

Battery 12V,                - 

4500mAh 

Power supply to the system. 

  

Bread Board - To give connection and power supply to 

different circuit-tested. 
 

Battery 

Charger 

  220V AC   12V DC To recharge the battery-tested. 

Wifi Device 220V AC     5V DC Used as wireless communication device-

tested. 
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3.2.5 Modification and Adjustment 

 

 

After carrying out the functional test of the individual devices some modification and 

adjustment have been done. Necessary modification has been made in the fabricated 

Lead box due to non-appropriate placing camera in the hole. The tightness of camera 

installation found very slack. Modifications have been done for the better experimental 

results. All points of the fabricated microcontroller circuit are checked as per the 

connection diagram and necessary actions have been taken to make the individual 

equipment functional.  

 

3.2.6 Integration of Fabricated Material and Associated Devices 

 

 
 

 

 

 

Fig 3.9: Integration of Fabricated Material and Associated Devices 

 

The fabricated individual parts have been assembled as per the planning and 

requirement of the experiments. Every individual fabricated device has been assembled 

in such a way that the individual and integrated output does not hampered. However, 

assemble fabricated materials and associated devices are shown in Fig.3.9. 
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3.2.7 Complete Developed Device 

 

 

The individual fabricated device and material has been connected each other and 

complete device has been developed for the experiments. The movement of the 

developed device can be controlled by the microcontroller with the help of 

computer/smart phone. Safety and security of operations are ensured by the individual 

IP address and password. The flow diagram and complete developed device is shown in 

Fig.3.10 and Fig.3.11 respectively. 

 

 

Fig. 3.10: Flow Diagram of Complete Micro Controlled Developed Device 
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Fig. 3.11: Complete Micro Controlled Developed Device 

 

3.2.8 Command Sequence of Developed Device 

 

The command sequences of the developed device are stated below and shown in 

Fig.3.12: 

Step 1: Start 

Step 2: Declare variables for server. 

Step 3: Declare variables for timer. 

Step 4: Define the constant for Motor Driver.             

Step 5: Initialize Server. 

Step 6: Initialize Digital Pins.  

Step 7: Initialize Analog Pins.  

Step 8: Command from Server. 

Step 9: Execute Command at the Rover. 

Step 10: If counts = !0 

         Drive the Rover 

         Else  

         Stop the Rover && Rest the Timer 

Step 11: Stop 

 

 

Fig. 3.12 Command Sequence of Developed Device 
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3.2.9 Performance Test of Complete Developed Device 

 

 
 

Fig. 3.13: Performance Test of Complete Developed Device 

 

The performance test of the complete device has been done after necessary connection. 

The power supply is given to the computer and microcontroller based circuit to ensure 

the available of power in all input and respective output stages. The movement of the 

microcontroller carrier is tested with the help of IP address and password loading Lead 

box keeping inside camera and fixing the Lead mirror in front of camera lens. The 

performance test of complete developed device is shown in Fig. 3.13. 
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3.3 Experimental Procedures 

3.3.1 Flow Charts of Methodology 

Flow charts of methodology are shown below and explain in Fig. 3.14 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.14:  Flow Charts of Methodology for Experiment of Developed Device 
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visualize the source room 
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dosimeters for measuring absorbed doses 
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3.3.2 Overview of Experiments 

  

 

Initially, dosimeter, camera and Lead mirror and Lead block are required to develop the 

device for radiation measurement, detection and monitoring. However, proper shielding 

is needed to protect the device from radiation effect. Lead is used as shielding material 

in this study due to its atomic properties and availability. Also, Lead mirror is used for 

obtaining more viewing angles. Placing the developed device (dosimeter, lead box, 

camera and lead mirror connected with computer etc) near to the source was a great 

challenge during operational condition of source. Due to this reason the device has been 

developed in three stages but the third stage is the most successful part for both manual 

and microcontroller movement of the carrier to place the device near to highly 

radioactive source in the source room.   

i) Experiment at First Stage: Developing the device consisting camera, shielding 

blocks, amber and red Perspex, Lead (Pb) mirror. In this stage there is no 

provision of remote controller with the developed device. The device is placed 

near to the source manually only. 

ii) Experiment at Second Stage: Developing the device consisting ordinary 

remote controlled carrier, power source, camera/cc camera shield by Lead box, 

Lead mirror, amber and red Perspex, computer connected with cc 

camera/camera. It is easy to place the developed device near to the source in the 

source room manually. But it is not possible to place the device near to source 

in the source room by remote controller due to narrow space and high turning 

radius with the carrier. 

iii) Experiment at Third Stage: Developing the device consisting Micro 

controlled carrier with designed electronic control circuit with box for electronic 

circuit, carrier box with platform, camera/cc camera shield by Lead box, Lead 
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mirror, amber and red Perspex, Wi-Fi device, power source (battery) and 

computer connected with cc camera/camera. Placing the developed device near 

to the source in the source room by manually and as well as microcontroller 

which is having protected IP address and password. 

 

3.4 Experiment by First Stage Developed Device 

 

In the first attempt of the study, the developed device has been placed manually near to 

the source in the source room before irradiation to capture the real time fixed and video 

image and absorbed doses by the amber dosimeter. The device has been developed 

consisting camera, shielding block, amber and red Perspex and Lead mirror. After 

placing the device at the desired place near to the source and the source is pulled out 

from the source pool water for 15 minutes. After 15 minutes the source is pulled down 

to the source pool water. Amber, red Perspex and camera have been collected from 

source room. After necessary investigation, it is found that the fixed and video images 

have been captured by the camera. The fixed and video images are found satisfactory 

with a little bit haziness to understand the source position.  

 

The Amber and red Perspex is tested in the laboratory with the help of ultra violet 

spectrophotometer and Harwell (UK) provided standard chart. Thus, the absorbed doses 

are found for 15 minutes duration. The similar works have been done for the duration 

of 30, 60, 120, 180 minutes respectively for capturing fixed and video images and 

absorbed doses for mentioned duration. 

 

But the developed device can be placed near to the source in the source room manually 

during source is under source pool water. It can only be placed when there is no 

radiation which is not practically useful for active radiation facilities. When the source 

is above the source pool professional radiation workers cannot placed the device safely 
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near to the source in the source room. Thus, the developed device has not been adopted 

for further study and tries to develop the suitable device to overcome these constraints.  

The first developed device has got the following observations: 

i) The developed device is a very traditional and experiment has been carried out 

for the possibility of success. 

ii) To avoid radiation effect on the camera, simple Lead block, Lead mirror and 

camera are used for capturing the image by the camera. 

iii) The developed device cannot be taken anywhere as the individual devices are 

not integrated by the frame. 

iv)    The integrated developed device cannot be placed near to the highly 

radioactive source in the source room by any remote controller. It can be 

place/remove manually during shut down condition of the source. 

 

3.5 Experiment by Second Stage Developed Device  

 

Second step has been taken for further study after achieving partial success in the first 

stage. To avoid these problems; an ordinary remote controlled carrier has been added in 

the developed device to place the device near to the source with the help of remote 

controller. In this stage lead box with steel frame has been used instead of lead block to 

protect the camera from the radiation effect. An electronic device has been made with 

the help of remote control carrier.  It consists of a tray, four wheels and two axels as 

like small car. It can carry the lead box, camera, amber and red Perspex and lead mirror 

to place near to the source at the source room.  

 

Amber and red Perspex are used in the investigation to measure the absorbed doses for 

the particular time duration. When amber and red Perspex are irradiated, radiation 

sensitive material darkens. These absorbed doses can be measured with the help of ultra 
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violet spectrophotometer and Harwell (UK) provide standard chart. This is how, the 

dose levels of Cobalt-60 source at IRPT, AERE are measured at source room by using 

Amber and red Perspex with help of ultra-Violet Spectroscopy and Harwell (UK) 

provided standard chart. Amber and red Perspex have been kept in five groups (One 

Amber and red Perspex in each group) at the five places on the remote controlled 

carrier at a time as Group identity 1 to 5 for 15, 30, 60, 120, and 180 minutes 

respectively. After all necessary protective measures, the source has been pulled out 

from the source pool water and put in source rack for 15 minutes. After 15 minutes the 

source has been pulled down to put inside the source pool water and Amber and red 

Perspex of group identity Group-1 is collected safely. The repeated works have been 

done for identity Group 2, 3, 4 and 5 for the time duration of 30, 60, 120 and 180 

minutes respectively. The dose levels are then examined in the laboratory of IRPT with 

the help of ultra violet spectrophotometer and Harwell (UK) provided standard charts. 

The obtained dose levels of Gamma irradiation source room have been analyzed. The 

experimental data are plotted in the graph and found it linearly increasing which 

indicates the absorbed does increase with the increasing of time duration as per 

theoretical explanation.   

 

 The Lead mirror is used to capture video and fix image of source and source room 

during the source is inside the source pool or above the source pool. An ordinary 

camera/cc camera has been used in the system having good resonance and standard 

lens. The objective to place cc camera/camera is to monitor the radiation source 

visually to observe the real situation of the source room. The cc camera of electronic 

device is shielded by fabricated Lead (Pb) in such a way that the lens of the camera can 

visualize Lead glass to capture the fixed and video images. It is kept in mind to place 

the cc camera that the radiation cannot fall directly on lens; hence it cannot be damaged 
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due to high radiation effect. During the application of the source, the source is pulled 

out from the source pool water and cc camera is able to take the fix and video images 

which can be monitor visually and detecting the source position for the times of 

operation and the real situation of the source room. In order to investigate the 

effectiveness of the developed device the video and fixed images are closely observed 

with different angles, rotation and zooming. The developed device has got two major 

limitations: 

i) Manually the device can be placed at source room near to the source. But 

the remote controlled car has a large turning radius, so it is almost 

impossible to move in narrow space to take it in the desired place of source 

room. 

ii)  The developed device does not have any operational safety tools like IP 

address and password, so anyone can operate the device which is not at all 

secure and safe for handling such highly radioactive sources. 

 

3.6 Experiment by Third Stage Developed Device 

 

 

To overcome the observations found in the stage one and two another way the device 

has been developed using microprocessor with software to carry the integrated 

developed device. The experiments have been performed in the same way like First and 

Second stage but the benefits of the device comparing with the other two previous 

stages are mentioned below: 

i) It can be moved in narrow approach by the micro controller facilities. 

ii) It has built-in specific IP address, pass word and the device is connected through 

Wi-Fi device. 
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iii) Ensuring the safety of operation as without knowing the IP address and password 

it cannot be operated.  

iv) Also the device has been designed in such a manner that it has got acute angle of 

turning (360
0
) which enables its movement in narrow spaces.  

 

3.7 Method for Detecting, Measuring and Visual Monitoring of 

      Radiation Doses  

 

The CC camera/camera as both detection and monitoring device, Lead Mirror, five 

Groups (Gp-01, for 15Min, Gp-02 for 30Min, Gp-03 for 60Min, Gp-04 for 120Min  

and Gp-05 for 180 Min respectively) Amber and red Perspex have been placed in the 

microprocessor controlled carrier for measuring the radiation. The cc camera of 

electronic device has been shielded by fabricated Lead (Pb) box so that the lens of the 

camera can visualize Lead glass. It is kept in mind to place the CC camera that the 

radiation cannot fall directly on lens; hence it cannot be damaged due to high radiation 

effect. Detection of gamma radiation is based on the interaction between the radiation 

and the detector material. The detector’s response should be proportional to the 

radiation. The photon scatters from the electrons of the material so called Compton 

scattering, and in each scattering process it loses a part of its energy. If the piece of 

material is large enough and the scatterings take place suitably, all the energy of the 

initial gamma ray is absorbed in the material. Thus, the energy of the photon is found 

by measuring the energy absorbed by the material. This energy is determined depends 

on the detector type and its functioning presents various processes that occur when a 

photon interacts with matter. After power supply to the microprocessor-controlled 

carrier the server has been connected with microprocessor.It has been placed to the 

source room by using the IP address, Wi-Fi device and its programing with the help of 

computer or smart cell phone. After placing the device in the desired place of source 
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room, the source has been pulled out from the source pool water. Fix and Video images 

have been captured continuously from the reflected image of mirror and uninterrupted 

monitoring is possible from the safe room. During the application of the source, the 

source is pulled out from the source pool water and CC camera is able to take the fix 

and video images. The objective to place CC camera/camera is to monitor the source 

position visually to observe the real situation of the source room. The radiation doses 

have been absorbed by the amber and Red Perspex. After 15 minutes the source has 

been pulled into the source pool water and Gp-01 Amber and Red Perspex has been 

collected and preserve in a suitable place. The whole process has been repeated for 30, 

60, 120 and 180 minutes duration for both amber and rep Perspex dosimeter as marked 

Gp-02 to Gp-05 respectively. Used amber and red Perspex of all Groups have been 

preserved to measure absorbed dose using Ultra violet spectrophotometer with the help 

of Harwell standard chart. So, the radiation detection, measurement and monitoring 

have been done experimentally with the developed device by manual and 

microcontroller operations. Operation of the Final developed device from safe zone is 

shown in Fig.3.15. 

 

 

Fig. 3.15: Operation of Third Developed Device from Safe Zone 

        Wifi device 

        Laptop 
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Chapter-4 

 

Experimental Results and Observations 

 

4.1  Radiation Dosimetry of Cobalt-60 Gamma Source  

 
 

Absorption of the ultra-violet radiations results in the excitation of the electrons from 

the ground state to higher energy state. The absorbed energy of the ultra-violet radiation 

is equal to the energy difference between the ground state and higher energy states.  It 

obeys the Beer-Lambert law, which states that when a beam of monochromatic light is 

passed through a solution of an absorbing substance, the rate of decrease of intensity of 

radiation with thickness of the absorbing solution is proportional to the incident 

radiation as well as the concentration of the solution.  

 

In this experiment, it is clearly observed that the physical properties of amber and red 

Perspex have been changed after absorbing the radiation doses (energy); the color has 

been changed from lightest to darken. Hence, the wave length has been changed from 

longer to shorter.  The dose rates are measured by using both amber and Red Perspex 

with the help of Ultra-Violet Spectroscopy and Harwell (UK) provided standard chart in 

laboratory of IRPT. The results have been plotted in the graph and found linear along 

with time duration for all stages of experiment. Physical (color) change has been 

observed with the radiation exposures of different time duration in both dosimeters are 

shown in Fig. 4.1.  
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Fig. 4.1: Physical Properties (color) Changed in both Dosimeters with Radiation 

Exposure (First, Second and Third Stages of Experiments) 

 

The absorbed dose rate obtained from the Red Perspex dosimeter is slightly higher than 

doses obtained from amber dosimeter due to reading obtained from different categories 

of dosimeters. Amber is normally used for 01 to 30 kGy and Red Perspex is normally 

used 05 to 50 kGy.  This variation may appear due to different types of dosimeter and 

measuring error but the variation is within the recommended range of manufacturer 

(≤+2.00%).  Two types dosimeter are used to validate the result obtained from the 

dosimeters. The deviation of dose rates are 1.43%, 1.34%, 1.22%, 1.11%, 1.02% for 15, 

30, 60, 120 and 180 minutes in the first stage respectively. But the deviation ranges are 

not exactly same in the second stage as like as in the first stage. The experiment results 

have shown little bit difference between first and second stages due to human error and 

ultra violet spectrophotometer sensitivity as well as minor variation properties of 

ambers. However, the deviations of dose rates are sequentially 1.42%, 1.33%, 1.21%, 

1.11% and 1.06% for 15, 30, 60, 120 and 180 minutes in the second stage. Similarly the 

deviations are also not found same in the third stage compering to first and second 

stages. The results show 1.44%, 1.33%, 1.20%, 1.10% and 1.04% deviation between 

amber and red Perspex with same time duration as like as stage one and two. So, it is 

15 min 

30 min 

60 min 

120 min 

180 min 

Red Perspex after use Amber Perspex after use 
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evidenced from the experimental results that the percentage of error decreases with 

increase of absorbed doses in the dose measurement. However, the experimental results 

for the First, Second and Third stages using Amber and red Perspex are shown in 

Table-4.1 to 4.3 respectively. The graphical presentations of experimental results are 

shown in Graph-4.1 to 4.9 for First, Second and Third stages of experimental results 

respectively. 

Table-4.1: Experimental Results from First Stage Developed Device 

(Amber and red Perspex) 

 

Duration 

in Min 

Absorbed dose in 

Amber dosimeter 

(kGy) 

Absorbed does 

in red Perspex 

(kGy) 

Difference % in 

both  dosimeter 

15 2.09 2.12 1.43 

30 4.49 4.55 1.34 

60 8.23 8.33 1.22 

120 16.23 16.41 1.11 

180 22.52 22.75 1.02 

 

 
 
 

Graph-4.1: Graph for Absorbed Doses using Amber Perspex from First Stage 

Developed Device 

2.09 
4.49 

8.23 

16.23 

22.52 
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Graph-4.2: Graph for Absorbed Doses using Red Perspex from First Stage 

Developed Device 

 

 
 

 

Graph-4.3: Graph for Deviation of Absorbed Doses between Amber and Red 

Perspex from First Stage Developed Device 

 

Table-4.2: Experimental Results from Second Stage Developed Device 

(Amber and red Perspex) 

 

Duration 

in Min 

Absorbed dose in 

Amber dosimeter 

(kGy) 

Absorbed does 

in red Perspex 

(kGy) 

Difference % in 

both  dosimeter 

15 2.10 2.13 1.42 

30 4.48 4.54 1.33 

60 8.26 8.36 1.21 

120 16.24 16.42 1.11 

180 22.55 22.80 1.06 

1 2 3 4 5

Red Perspex 2.12 4.55 8.33 16.41 22.75

Amber 2.09 4.49 8.23 16.23 22.52
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Graph-4.4: Graph for Absorbed Doses using Amber Perspex from Second Stage 

Developed Device 

 

  

      

 

Graph-4.5: Graph for Absorbed Doses using Red Perspex from Second  

Stage Developed Device 

 

 
 

Graph-4.6: Graph for Deviation of Absorbed Doses between Amber and Red 

Perspex from Second Stage Developed Device 
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Table-4.3: Experimental Results from Third Stage Developed Device 

(Amber and Red Perspex) 

 

Duration 

in Min 

Absorbed dose in 

Amber dosimeter 

(kGy) 

Absorbed does 

in red Perspex 

(kGy) 

Difference % in 

both  dosimeter 

15 2.08 2.11 1.44 

30 4.51 4.57 1.33 

60 8.27 8.37 1.20 

120 16.26 16.44 1.10 

180 22.53 22.77 1.04 

 

 

 

 

Graph-4.7: Graph for Absorbed Doses using Amber Perspex from Third Stage 

Developed Device 

 

 

 

Graph-4.8: Graph for Absorbed Doses using Red Perspex from Third Stage 

Developed Device 
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Graph-4.9: Graph for Deviation of Absorbed Doses between Amber and Red 

Perspex from Third Stage Developed Device 

 

 

4.2  Monitoring Radiation Doses and Source Room 

 

 

The visual monitoring is gradually improved in the first and second stages of the 

developed device and finally it is successful at the third stage of developed device. 

However, some noise has been noticed due to irradiation of highly radioactive Gamma 

source during the application of the source but it does not damage the device or 

interrupt the signal. The captured fixed and video images at different stages (1, 2 and 3) 

of the developed device revealed the source position and the real situation of the source 

room. Fixed images captured by the first stage developed device with existence of 

radiation, source is above the source pool water is shown in Fig-4.2 and video images 

captured by the first stage developed device with existence of radiation, source is above 

the source pool water is shown in Fig -4.3. 
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Fig. 4.2: Fixed Image Captured by First Stage Developed Device with the 

Existence of Radiation 

 

 

 

Fig. 4.3: Video Image Captured by First Stage Developed Device with the 

Existence of Radiation 

 

In the Second stage a device has been developed to overcome the limitations belong to 

the developed device in stage one. Fixed image is captured by the second stage 

developed device, no radiation; the source is under the source pool water shown in Fig. 

4.4.  
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Fixed image is captured by the second stage developed device, radiation exists, the 

source is above the source pool water and fixed image is captured by the second stage 

developed device with the existence of radiation shown in Fig. 4.5. Again, source is 

pulled out from the source pool water; video images are captured by the second stage 

developed device with the existence of radiation shown in the Fig.4.6. 

 

 
 

Fig. 4.4: Fixed image Captured by Second Stage Developed Device 

with no Radiation. 
 

 

 
 

Fig. 4.5: Fixed  Image Captured by Second Stage Developed Device with the 

Existence of Radiation 
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Fig. 4.6: Video Image Captured by Second Stage Developed Device  with the 

Existence of Radiation 

 

There are some limitation in the second stage of developed device. So, to overcome the 

limitations belong to the developed device in the second stage, the device has been 

redesigned called third stage to overcome the limitations. Fixed images are captured by 

third stage developed device, no radiation shown in Fig.3.7, In this sitauation the source 

is under the source pool. Fixed  images are captured by the third stage developed 

device, radiation exists shown in Fig 3.8, the source is above the source pool in this 

situation. Video images are also captured by the third stage developed device; radiation 

exists, source is above the source pool water shown in Fig. 4.9. 
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Fig. 4.7: Fixed  Image Captured by Third Stage Developed Device with no 
Radiation 

 

 

 
 

 

Fig. 4.8: Fixed  Image Captured by Third Stage Developed Device with the 

Existence of Radiation 
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Fig. 4.9: Video Image Captured by Third Stage Developed Device with the 

Existence of Radiation 

 

But due to the haziness of captured images by the first stage developed device it is 

difficult to understand the exact source position and the real situation of the source 

room though the existence of radiation is clearly understandable. The captured fixed 

and video images are more understandable in the Third stage which is more accurate 

and transparent. In order to investigate the effectiveness of the developed device the 

video and fixed images are closely observed with different angles, rotation and 

zooming. 

 

4.3 Summary of Outcome from the Research 
 

 

The outcomes from the research are as follows: 

 

(i) Amber and red Perspex hold the radiation sensitive materials. The physical 

properties of amber and red Perspex have been changed after absorbing the 
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radiation doses (energy); the color has been changed from lightest to darken 

which detected the radiation.  

(ii) Measuring the absorbed doses by the amber and red Perspex with the help of 

ultra violet spectrophotometer and Harwell provided standard chart and the 

doses level has been analysed. 

(iii) Position of highly radioactive source and the real situation of the source room 

(Gamma Irradiator, Co-60) have been identified through the circuit during its 

applications and visualized the radiation of highly radioactive source (Gamma 

Irradiator, Co-60) through computer monitor. 

In order to investigate the effectiveness of the developed device the video and fixed 

images are closely observed with different angles, rotation and zooming. Hence, an 

effective detecting, measuring and monitoring device have been developed.  

 

4.4 Observations 

 

This research was critical to find out the way to develop an electronic device for 

Detecting, Measuring and Visual Monitoring of Radiation Doses for Highly 

Radioactive Sources. Some relevant research papers have been studied to enhance 

knowledge to carry the research. General ideas have been picked up from these relevant 

research papers to start this research works. The details are explained in Chapter -2 

under literature review. The great success has been achieved after various stages of 

development and subsequent implementations. However, the research is successful with 

the following observations: 

 

i) The absorbed doses are obtained by ultra violet spectrophotometer with the help of 

Harwell (UK) provided standard chart but some deviations are found in the 

absorbed doses as it is not real time measurement.  
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ii)  The ordinary remote controlled car is not able to place in the source room near to 

the source by remote control. The developed device is placed manually which is not 

at all possible during operational condition of the source. 

iii) The most of the fixed and video image are found hazy from different stages of 

developed device with the few exceptions.  

iv)  Finally developed device is able to place in the source room near to the source by 

microcontroller which is protected by IP address and password. 

v) The effect of radiation on the camera sensor is beyond the scope of the research. So, 

durability of the camera lens is not analyzed. 

vi) Durability and sustainability is not carried out in the research for continuous longer 

period of use the developed device.   

vii) The calibrations of different equipment used in the experiment are not done due to 

non-availability of calibration facilities for such equipment in Institute of Radiation 

and Polymer Technology (IRPT), AERE, Savar, Dhaka, Bangladesh. 
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Chapter 5 
 

 

Discussions on Results and Relevance 

 
 

5.1 Discussion on Results 

 

 

Earlier the research works on detecting and measuring of radiation had been done by 

the global scientists. Lots of International Journal and papers have been studied to find 

out the similarity of the research but few are found related to this topic. Most of the 

scientist worked on the robotic system, Internet of Things (IOT), identification and 

monitoring of toxic gas and decommissioning the radioactive establishments. Some of 

them worked on detecting and measuring the radiation doses but none of the researcher 

did carry out the research on visual monitoring of radiation doses and the real situation 

of highly radioactive source and source room to minimize the possibility of accident 

and preventive measures. Once the research has been stated lots of obstacles are found 

but it has been overcome by the technique, hardworking and tremendous support from 

every one. Finally success is found with subsequence development and experiments. 

 

In the first stage, the research is started by using camera, amber and red Perspex, Lead 

mirror with a Lead block. Some fixed and video images have been captured but the 

developed device has been placed at the source room near to the source manually when 

source is under the source pool water. As the developed device has been placed 

manually so, it is not possible to place the developed device at source room near to the 

source when the source is above the source pool water. The captured images are little 

hazy and difficult to understand the exact position of the source at the source rack but it 

is cleared that the source is above the source pool water or the source is under the 

source pool water due to availability/non availability of camera glittering respectively. 
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Amber and red Perspex are used for measuring the absorbed doses. The absorbed doses 

are increased with increasing of time duration.  

 

In the second stage, the research is started with an ordinary camera/CC camera, 

fabricated Lead box with steel frame, Lead mirror and an ordinary remote controlled 

carrier connected with computer for continuous monitoring of the source position and 

the real situation of the source room. Some fixed and video images have been captured 

when the developed device has been placed at the source room near to the source 

manually at the time of source is under the source pool water. But it is not possible to 

place the developed device at the source room near to the source by remote controller 

due to high turning radius of carrier. So, it is not possible to place the developed device 

at the source room near to the source when the source is above the source pool water. 

The images are also little hazy and it is difficult to identify the source position at the 

source rack. The ordinary car can be operated by anybody as it is not protected by 

password and separate IP address. So, finally two limitations had been identified with 

the developed device. 

 

i) Unsafe operations and control  

ii) Developed device cannot be placed by remote controller at the source room 

near to the source. 

Amber and red Perspex are used for measuring the absorbed doses and the similar 

results are found. 

 

In the third stage, the research is started with an ordinary camera/CC camera, 

fabricated Lead box with steel frame, Lead mirror, Wi-Fi device and micro controlled 

carrier connected with computer for continuous monitoring the source position and the 

source room. Some fixed and video images have been captured when the developed 
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device has been place at the source room near to the source manually when the source 

is under the source pool water as well as by the microcontroller when the source is 

above the source pool water.  This microcontroller carrier is having acute angle wheel 

and it can easily move in the narrow space, can take appropriate turning as well. In this 

stage the images are clear and the position of the source can be identified either the 

source is above the source pool water or it is under source pool water. Only authorized 

person can operate as it is protected by password and separate IP address. Finally, the 

developed device has got two tremendous advantages and overcome the limitations 

identified in the first and second stages: 

 

i) Safe operations and control  

ii) Developed device can be placed by remote control at the source room near to 

the source and continues monitoring is possible from the safe zone. Hence, the 

research is successful. 

 

In all stages (1, 2 and 3) the physical properties (color) of amber and red Perspex has 

been changed during irradiation as it is made by the radiation sensitive materials. 

Hence, radiation has been clearly detected. Absorbed doses are measured from used 

amber and red Perspex with help of ultra violet spectrophotometer with the help of 

Harwell (UK) standard chart. The deviation of dose rates are sequentially 1.43%, 

1.34%, 1.22%, 1.11%, 1.02% for 15 min, 30 min, 60 min, 120 min and 180 min 

respectively. The error found in the absorbed doses does not exceed the acceptable limit 

given by the manufacturer (≤+2.00%). The fixed and video images have been analyzed 

during the experiments. Camera glittering indicates the presence of ionization radiation 

(Gamma) in the captured fixed and video images by the developed device in all stages 

(1, 2 and 3) which can be visually monitored continuously with the help of computer 
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/laptop. With the above statement, it is understood clearly that the developed device has 

been worked effectively for detecting, measuring and visual monitoring of radiation 

doses for highly radioactive sources, source position and real situation of source room. 

 

5.2  Uncertainty Analysis of Experimental Results 

  

 

There are two basic kinds of uncertainties, systematic and random uncertainties. 

Systematic uncertainties are those due to faults in the measuring instrument or in the 

techniques used in the experiment. In this research calibration accuracy of ultra violet 

spectrophotometer, old version of instrument, calibration of camera lens, time 

measurement by real time counter, Harwell standard measuring chart and measuring 

thickness of the amber and red Perspex are the systematic uncertainties in the 

experimental results. 

  

Random uncertainties are associated with unpredictable variations in the experimental 

conditions under which the experiment is being performed, or are due to a deficiency in 

defining the quantity being measured. Radiation intensity, quality and chemical 

composition of amber and red Perspex, huge glittering due to irradiation, thermal effect 

and ambient temperature are the systematic uncertainties in the experimental results. 

 

The above mentioned factors may affect the detecting, measuring and visual monitoring 

of experimental results. It is found from the uncertainty analysis that the deviation of 

the measuring absorbed doses of experimental results are from 1.02% to 1.44% which 

is within the acceptable limits (≤+2.00%) given by manufactures.  
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5.3  Relevance of Research 
 

 

Relevance is the concept of one topic being connected to another topic in a way that 

makes it useful to consider the second topic when considering the first. The concept of 

relevance is studied in many different fields, including cognitive sciences, logic, and 

library and information science. In the global researches it is identified that same 

research works had not been done before by the global scientists but some relevance 

research activities had been done earlier. The verification of this research can be proven 

by comparing with reference [38], [42], [43], [62], [65]. 

 

A. Kannapan et al [38], in this research detecting radiation detection monitoring in 

hazardous and chemical industries giving more emphasize on those of developing 

countries where safety and environment are not given priority. IOT or Internet of 

Things is a system of connecting physical device or sensors and everyday objects with 

computer using internet. This study intended to identify the poisonous gas and radiation 

leakage by using gas and radiation sensors and connecting them to IOT. Arduino UNO 

r3 board is used as central microcontroller which is connected with sensor, temperature, 

gas sensor, radiation sensor to get data from environment. This device used for as multi 

gases and multi radiation detection as possible. Also in this research an intelligent 

system was programmed to detect and monitor poisonous gas and radiation integrating 

Arduino controller and IOT. However, no visual monitoring during incident was not 

possible from the developed system. Also the radiation absorbed dose measurement 

could not be possible from the developed system.   

 

U. Sarker et al [42], in this research a mobile robot had been developed to use for 

remote radiation measurement, however due to exposure of high level of absorbed 

dose, robot’s component’s durability was doubtful. In the radiation sensor and the 
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telescopic mechanism, radiation sensor GM sensor, mounting at the end of the 

telescopic assembly has been used as radiation sensor. The developed robot is 

controlled by a robot controlled by robot control software, a joystick and button in a 

desktop computer. This device was successful in radiation measurement without risking 

unwanted personnel radiation exposure. However, it cannot monitor the highly 

radioactive source and the real situation of the source room. 

 

J. B. Mohamed et al [43], in this study a multi arm crane with robotic facilities are 

developed for nuclear decommissioning. There is a risk of exposure of radiation to 

workers and wider range of environment. Currently the robotic cranes are used in 

decommissioning of radiation facilities, like a large power plant. Using Proportional 

integral derivative and proportional integral plus control algorithms real time control 

method was examined. The mobile platform is contained 40 decommissioning robot 

which can be operated in small and confined space consisting moving vehicle with 

single five degree of freedom manipulator, hydraulic tank, controller and remote-

control device. Using this robot tasks like pipe manipulation, complex pipe cutting has 

been performed successfully using single and both arms.  This system uses graphical 

simulations which enables the correctness of the robot. Although, this study focused 

mainly on complex activity in the decommissioning task using multi arm robot. 

However, radiation detection, measurement and monitoring were not in the scope of 

this research. Related to these research activities, a lot of research works had been done 

before by the global famous scientists other than the above mentioned research works. 

But in this research there are some advantages comparing to the other similar 

researches and equipment by which the similar purposed can be fulfilled.   
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B. P. Gloria et al [62], in this research the functionality, radiation characteristics, and 

clinical implementation of an implantable MOSFET radiation detector (dosimeter) had 

been successfully done. The dosimeter is powered by radio frequency telemetry 

eliminating the need for a power source inside the dosimeter. The implantable 

dosimeter can be used, together with the current radiation delivery and planning 

techniques, to optimize radiation treatment on an individual basis. This dosimeter can 

be used for the individual purpose only.  

 

A. Budiman et al [65], researcher carried out research on Government. Regulation of 

Safety and Health of Ionizing Radiation Utilization for Indonesia. The Regulations 

stated that it is necessary to take preventive measure of radiation exposure for X-ray 

machine to protect officers, patients and the public from radiation. At present in 

Indonesia there are few devices that can measure the dose of radiation. Indonesia holds 

very less radiation dose measurement which is great problem in the country. So, it is 

difficult to take the measure to protect the professional radiation workers. The 

researcher designed a radiation measurement device using Geiger Muller detector, 

microcontroller and smartphone to display the result of radiation measurement. The 

study consisted of one intervention group and one control group. The designed device 

is a digital radiation measurement device that could be connected with android-based 

smartphone via Bluetooth connectivity but the researcher did not mentioned about 

operational protection of the developed device.  

 

 

 

 

 

 

 

https://ieeexplore.ieee.org/author/37824551200
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Chapter 6 
 

 

Conclusion and Recommendation for Future Studies 
 

6.1 Conclusion 

 

Radiation detection, measuring and monitoring is a very important in nuclear facilities. 

The present available devices are very expensive and can be operated only with trained 

personnel. This study is intended to easily detect, measure and monitor of radiation 

doses for highly radioactive source. Finally, placing the detection device at the source 

room near to the source with the help of remote controller is successful by the 

fabrication and design of microcontroller carrier with acute angle fixing in the front 

wheel of the carrier. Radiation detection is successful by observing physical properties 

(color) changed in the amber and red Perspex, fabricated by radiation sensitive 

materials, camera glittering and huge scattered narrow lights from the various captured 

video and fixed images.  

 

The absorbed dosed are measured from Amber and red Perspex by ultra violet 

spectrophotometer with the help of Harwell standard chart.  The similar doses are found 

for the same duration in different stages of experiments in amber and red Perspex. The 

minimum absorbed doses are measured 2.08 kGy and maximum 22.80 kGy for 15 and 

180 minutes respectively. The minimum and maximum deviations with experimental 

absorbed doses for amber and red Perspex are found 1.02% and 1.44% with the time 

duration for 15 minutes and 180 minutes respectively. After analysing the dose level it 

is found that the absorbed doses are almost linearly increasing with increasing of time 

duration and deviations are found in experimental results within the recommended limit             

(≤ +2.00%) given by the manufacturer. 
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Monitoring of real time incidents of source and the source room is experimentally 

successful, observing the fixed and video images captured by the developed device 

connected to the computer. In order to investigate the effectiveness of experimental 

visual monitoring of radiation doses by the developed device the captured  video and 

fixed images are closely observed with different angles, rotation and zooming.  

 

The device is simple and does not have sophisticated robotic technology. This device is 

secured due to its individual specific IP address and password. Hence, the developed 

device can be used as a simple alternative effective device instead of sophisticated 

costly robot.  

 

6.2 Recommendation for Future Studies 

 

 

  It will be possible by using the developed device with few further successful studies to 

easily detect; measure and visual monitor the radiation facilities like power plants, 

research reactors, medical radiation facilities, nuclear establishment and 

decommissioning. However, the researcher recommends the following future studies:  

 

 Amber and red Perspex has been used in this study to measure the absorbed doses. 

It is obtained with the help of ultra violet spectrophotometer which cannot give real 

time measurement of absorbed doses after being irradiated. Real time radiation 

measurement sensor and display can be integrated with the developed device in the 

future study. 

 

 Sustainability and reliability of the developed device for using continuous longer 

period in the similar radioactive source and investigate the effect of radiation on the 
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materials and equipment of developed device may be considered for another further 

study. 

 

 Effect of radiation on camera sensors and lens can be investigated further for 

continuous longer used of the developed device and the developed device needs to 

be tested for repeated number of radiation exposure to know the durability of 

sensors and lens which can be scope of further study. 

 

The developed device is found suitable experimentally to detect, measure and monitor 

the radiation facilities like power plant, research reactor, medical facilities as well as 

nuclear establishment and decommissioning. However, it can be used for such type of 

nuclear facilities with further recommended successful studies. In near future, further 

above mentioned research and development works are required to make the developed 

device commercially available in the global markets.  
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