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INTRODUCTION


Receiving a strong uninterrupted cellular signal is very hard to achieve, due to various multipath signal distortions. Outdoors is where the majority of employees can get a better signal than from within their own offices. Indoors is where you have a large amount of interruptions which are caused by different multipath signals and free space loss (FSL). Within Multipath signals there are four physical modes: attenuation, reflections, diffractions, and scattering. These modes all achieve the same thing, meaning interrupting the path of a signal; but work in different ways.  Since this predicament is an ever increasing dilemma, the IT department at ORNL has made specific plans to resolve it. One of the most problematic areas is the building structures themselves. This paper will give you information as to what is Radio Frequency (RF)
 Propagation, and a brief description of each multipath distortion and the effects. I will also explain my position in the project, and how I aided in this process. Ultimately solving this issue will have an immense affect on everyone whether they are on or off the main campus, receiving a cellular signal.  

PROPAGATION

 “RF propagation is a term used to explain how radio waves behave when they are transmitted, or are propagated from one point on the Earth to another (wikipedia.org).” Radio propagation is measured in decibels (dB) high, which is the standard. “A decibel is a logarithmic measurement that reflects the tremendous range of sound intensity our ears can perceive of loudness (Indiana.edu).”
 RF propagation would ideally operate in a so-called “free space.” Meaning every signal would leave a transmitter, and spread in all directions and successfully arrive without interruption to its intended target. In Real World terms this “free space” theory is nearly impossible. What regularly occurs is free-space path loss (FSPL). This involves the strength loss of a signal or wave through a direct path. On a direct path realistically, a signal can be disrupted by objects and obstacles.  

The ionosphere has a great impact on how radio signals propagate all over the earth; it is located in the top part of the atmosphere; and is ionized by solar radiation. Radio signals use the ionosphere to reflect transmitted signals back down to earth to arrive at its intended receiver. This signal can also be reflected back to the ionosphere in the same pattern. This allows radio communication to distances of many thousands of kilometers. The ionosphere plays a major role in radio propagation. Sometimes the ionosphere can be disturbed as it reacts to certain types of solar activity, particularly solar flares. “A solar flare is a sudden energy release in the solar atmosphere from which electromagnetic radiation and, sometimes, energetic particles and bulk plasma are emitted (Britannica.com).” This can interrupt the signal that is being reflected back down to earth to the receiver. Geomagnetic storms can also cause fading in the signal and cause scatter. A geomagnetic storm is a temporary disturbance of the Earth’s magnetosphere (a region that surrounds the earth) caused by a disturbance in space weather (Wikipedia.com).” A geomagnetic Storm can last several days and the effects from the storm can linger in the ionosphere for one to two days. Below is a picture of a geomagnetic storm, this picture was taken a night.
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Example of Geomagnetic Storm
Outdoors there are high amounts of multipath signals, due to more then one signal being transmitted. Indoors is where the amount of multipath signals is less predictable. Building structures are the main issue. It’s nearly impossible to create an RF friendly building. For example even if you build a structure out of all wood you would still need hard floors to support each floor with in the structure. Also location would be a huge factor; example most likely you would not be a in a heavily wooded area. Not only would all the foliage be a problem but you would also have to carefully consider the design of the building. Buildings that may have areas that are underground or have walls made of metal can really harm the RF signal, causing a dead spot. A Dead spot is an area within a structure “for example” an office building. Where destructive waves interfere to such an extent that little to no radio signals can be received in the specific place. Dead spots are present in three dimensional spaces within an building and motions within only a few inches can move from no signal to full signal. This makes receiving or gaining reception on your cell phone difficult.
MULTIPATH SIGNALS 

Attenuation
Attenuation absorbs radio waves and decreases signal strength. The amount of absorption in attenuation will depend on the size of an object. Thickness in an object can also aid in the loss of a signal. The amount of absorption will depend on the structure of the object; metal for this very reason is a great absorber of signals and waves. Attenuation is also measured in dB high. Below is an example of attenuation.  Two signals are transmitted. They both go straight to the ionosphere, to then be reflected back down to earth. As you can see the signal on top reached the transmitter, but the one on the bottom did not. This happened because so much frequency was absorbed in the ionosphere for the bottom signal that it became usable.
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Example of Attenuation
Scattering
Scatter is another mode in multipath distortion. This occurs when there is more than one object in a single pathway. The objects are smaller in size when compared to the signal wavelength. Then the propagated wave front will break apart into many directions, creating scatter. “For example” Foliage—trees and leaves—which can absorb parts of a signal. Fading and the combining of signals can create distortion. Distortion degrades the ability of the receiver to recover the signal in a manner much like signal loss (Sputnik, 2004). The Example below shows you the different types of scattering. The rate of incident and the texture of the plane will determine the amount of scatter that is reflected off each plane. 
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Examples of Scattering
Diffraction

Diffraction can occur when a signal is hindered by the sharp edges of an object in a direct pathway. The second wave that comes off of that sharp edge is able to bend behind, above, and below an object. Diffraction can occur even if a signal never had an intended direct path to a receiver. At high frequencies, diffraction depends on the geometry of the object, as well as the amplitude, phase, and polarization of the incident wave at the point of diffraction (Rfcafe.com). Below is an example of diffraction. The gray pole is the transmitter. The lime green pole represents the edge of a building, and the red line represents a signal or wave being transmitted. The arrow pointing to the blue object is the receiver that the signal is being transmitted to. The blue line is the second diffracted wave that was reflected off the receiver.
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Example of Diffraction

Reflection

A reflection occurs when a signal or wave is propagated and strikes an obstacle. Reflections mostly occur from the surface of the earth and sides of buildings and walls. A transmitted signal can be reflected back to the transmitter rather then continuing to its receiver, this can cause an echo. Also an returning reflection that strikes another object or obstacle can send the signal back in its intended direction toward the receiver. This will create multiple echo effects. Echo effects within a signal from extended reflection can cause jitter. Jitter is an unwanted variation of one or more characteristics of a periodic signal (Wikipedia.com). Below is an example of a transmitted signal being reflected from the ionosphere to the receiver. 
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Example of Reflection
The Effects of Multi Path Distortion

Indoor Path Loss


Path loss within a building is very hard to determine. Since there are so many obstacles indoors one signal will not have a predicable amount of energy loss every time. Even the receiver in a path is usually blocked by walls or ceilings. Depending on the layout of a building, the signal will usually propagate along corridors and into other open areas. In some instances a signal can have a direct path to a receiver. This is referred to as a Line-of-Site (LOS), and examples of these occurrences are warehouses and stadiums. 

Multiple Floors Indoor Path Loss


When there is an increase in the floor separation between floors the propagation loss begins to lessen. The absorption of the frequency from the signal also lessens due to the increase in the number of floors. “This phenomenon is thought to be caused by diffraction of the radio waves along side of a building as the radio waves penetrate the building’s windows (Stein, 1997).”

Multipath and Fading Effects 


If a signal undergoes any interruption on its path way to the receiver, and reaches the antenna now using more than one path multipath distortion can result. The effects of the multipath will also depend on the position and model of the receiving antenna. Fading will occur when multipath invoked by a disruption in the signal. The fading of a signal can be fast or slow. Depending on the moving source and the propagation effects manifested at the receiver antenna (Stein 1997). Most fading is caused by humans and not objects. 
Cellular Survey


In the beginning of our initial project I and a fellow intern were asked to survey buildings all across the ORNL site. We were given a list in Microsoft Excel with the most important buildings at the top highlighted in green. At ORNL in last 2-3 years there has been a vast increase in cellular activity on campus. Employees especially are very unhappy with the amount of cell service they are receiving in their own buildings. Our job is to go out and survey these buildings and find any dead spots or weak areas. 

We were given 3 cell phones; each cell phone is from a different carrier. Sprint, 

Verizon and AT&T are for now the three main carriers of employees on campus. As of right now Verizon and AT&T are in an official tower about a mile out, straight across from the main quad area. Sooner than later they are expecting Sprint to move off its temporary tower (located along side the other tower) into the permanent one. Also they are expecting T-mobile to be arriving soon to join the others. 

Each phone has a different set of numbers and characters to be able to get into its engineering mode. The engineering mode is a specific screen within each phone, which displays each dB (high) measurement. We use each measurement that we get from each phone in our survey of all the important areas within a building. In a typical office building we would survey all the corridors, common hangouts, and conference areas if needed.


On average depending on the structure of a building it can take us from 5 minutes to 1 hour surveying. Every reading that we obtain for each carrier is recorded on a floor plan that we have previously printed upon arrival. After surveying a group of buildings we verify this information in our spreadsheet. The two of the most common statuses is whether it was successful, or if we were not able to gain access. Then we make copies from the original floor plan and color code the specific readings based on a key we developed ourselves. All this information is then given to our supervisors that project for their own use. 


To find the overall signal coverage of a building we came up with a simple formula and star system. The formula begins with the number one considered good and zero representing null. The star system is just a simply method to explain the type of coverage. Below is also an example of the use of this formula relative to a building, specifically the first floor of building 1505. 

Signal Coverage Formula
	[%Good Readings] *

+
	1

	[%OK Readings] *

+
	(.75)

	[%Poor Readings] *

+
	(.5)

	[%Null Readings] *

+
	0


Star System

	1:
	5 Star- *****
	GREAT

	.8:
	4 Star- ****
	GOOD

	.6
	3 Star- ***
	FAIR

	.4
	2 Star- **
	POOR

	.2
	1 Star- *
	BAD

	0
	No Star
	NO TYPE


Building 1505 overall 66 readings

· Total of 1 good reading

· Total of 31 fair readings

· Total of 27 Poor readings

· Total of 7 No signal readings

· Divided each total by the overall which is 66

· Multiplied each decimal with the implied number in formula

· If needed rounded each decimal to the nearest hundredth

· Totaled all these numbers into one decimal

· Multiplied by 100 to get my percent

· The original totaled decimal will get rated by developed star system to give type of building coverage

Results

56.5 Percent of the building receives cellular coverage

0.565 = 2 stars = POOR COVERAGE

Further use of this formula and system has been applied to 10 more buildings as shown in the chart below. All the buildings below are between fair and poor ratios of cellular coverage which is not good quality. These low readings can be attributed to obstacles and obstructions in signals due to multipath distortions.
	Building Number
	Percentage
	Star Rating
	Coverage Type

	7900
	53%
	2 Stars 
	Poor

	4500 South
	67%
	3 Stars
	Fair

	1520
	42%
	2 Stars
	Poor

	2033
	60%
	3 Stars
	Fair

	2518
	60%
	3 Stars
	Fair

	3150
	58%
	2 Stars
	Fair

	5200
	79%
	3 Stars
	Fair

	6000
	58%
	2 Stars
	Poor

	4515
	49%
	2 Stars
	Poor

	3502
	63%
	3 Stars
	Fair


Research Analysis
In my research I have discovered something very interesting when dealing with a very small building. One side of a building can have great reception, if you took more readings towards the other side of the building the reception would get worse. Now remember this is a small building so you don’t have to take that very many steps to get to the other side. 


More into our surveying we started to enter more completely dead spots. In these spots the phones would literally loss the test call almost automatically. Even with a call retry we were not able to get any reception of any kind. Besides the dead spots, noise in these building was also an issue. Specifically on the Verizon cell phone you can see the signal and the noise measurement. So if you get a good dB measurement but have a lot of noise, they will cancel each out and the reception will still be terrible.


 I have noticed during my research that I have already experienced some of these factors surveying in the field. As I have mentioned dead spots earlier, I have experienced them first hand with in various buildings. I have also experienced the major impact that noise has on the reception when you are in a particular area of a building.  I also noticed as we took the readings that there were no real steady readings. As I did research and listening in on meetings with in my division I learned that repeater technology will correct all those discrepancies. With the repeater device in a building it will capture the noise pollution from any signal or wave, and each dB measurement will be consistent. 

Before we even started on this physically demanding project, we already knew what the solution would be. The solution is repeater technology. “A repeater is a device that receives a signal on an electromagnetic medium and regenerates the signal along the next leg of the medium (techtarget.com).” The image below is the basic size of a repeater, it’s typically not the size I would have expected. A repeater eliminates all attenuation (absorbing) and gets rid of unwanted noise in an incoming signal. If you have a bundle of repeaters they can expand the length and distance for reception. The IT department at ORNL is planning on accomplishing this project before the 30th of September 2008. There is a limited amount of time to get this particular project under way. 
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   Example of a Repeater
Conclusion


Radio Frequency Propagation affects us everyday of our lives. Whether you are listening to the radio or are talking on your cell phone. It’s an important factor in the future of technology and how we can even further eliminate any distortions. Transmitting a signal not only applies to just radio waves but also to light. The study of propagation can be used in many fields not just communications. Interestingly enough our weather and our atmosphere has an enormous effect on communications here on earth. Since new technology is being developed every day hopeful there will be a time in the future where even the use of repeaters will not even be necessary. 
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