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ABSTRACT

The abstract is a very brief (< 250 words) summary of your project, methodology, important results, and conclusion.  It should contain sufficient details to provide an interested reader with an “at a glance” overview of the paper.
An example abstract:

Near surface radio frequency (RF) measurements were made at five field sites located near the University of Missouri, Columbia Missouri.  Dr. Chris R. Anderson, US Naval Academy (USNA) directed the RF research at the sites during July – August 2010.  A team led by Dr. Robert Druce, Pulsed Power Research group at the University of Missouri, collected samples of the soils at four of the sites and performed geotechnical and characterization tests on the soils.

Of the five sites, three sites were above vegetated soils, one a limestone cavern, and one was over a lake. Samples were collected from the soil and cavern sites and used for laboratory characterization tests.  The soils classified as low plasticity silts (ML), with low cation exchange capacities (< 30 meq/100 gm) and relatively low dry bulk densities (< 80 pcf).  The soil profiles are typical of agricultural lands in the region and have high organic carbon content (0.3 to 3 percent).  The soils generally show fair to good drainage indicating rapid changes in moisture content during and after precipitation events.
A second example abstract:

This experiment examined the performance of 1 MHz Binary Frequency Shift Keying (BFSK) and 4.7 MHz Binary amplitude Shift Keying (BASK) at noise levels varying from -10 to +10 dBm.  A pseudo-random bit sequence was modulated using an Agilent 33220A signal generator, then combined with Additive White Gaussian Noise output from a second generator.  Analysis of the noisy signals was used to qualitatively confirm predictions of the signal’s characteristics when operating at different SNR levels.  In general, both modulations schemes demonstrated excellent resistance to noise, particularly at SNR levels that would cause many analog schemes to become unusable.  Ultimately, both signals were decoded successfully at all noise levels tested in this experiment.

INTRODUCTION

A.  Overview of the Report Format

This section provides basic info on each of the main parts of the report.  See detailed instructions underneath each of the main section headings.

All text should be 12 pt Times New Roman and the columns should be fully justified.  All Figures and Tables should flow with the text.  The maximum length is 5 pages for the body of each lab report.  Any extraneous material (code listings, design schematics, etc.) should be placed in an appendix.
The page is set up as a single column format with 1.0” left and right margins and 1.0” top and bottom margins.  

The body of the project report is made up of four (4) main sections: INTRODUCTION, METHODOLOGY, RESULTS, and CONCLUSIONS.  
The INTRODUCTION section is a very short background and problem you are addressing.  Prior work by others, discussion of the problem (in a general sense), and high-level discussion of the approach taken go in this section.
The METHODOLOGY section comprises the bulk of the report and describes the method used to address your work.  In this section, describe your approach to solving the problem at hand in sufficient detail that someone could recreate your results. Detailed block diagrams, theoretical analysis, experimental design, and other pertinent information go in this section.
The RESULTS section contains the main experimental results and/or findings from your work.  Results and discussion should be carefully organized to avoid presenting the reader with a “data dump”.  Discussion in this section should focus on your interpretation of the results: how do your results fit into the larger scope of the problem you are addressing?  

The CONCLUSIONS sections wraps up your work and presents the important results in terms of the larger problem you are addressing.

REFERENCES should be in standard IEEE Format.

The Acknowledgements section should acknowledge anyone that provided significant assistance in your project.

The figure legends should appear on the bottom of the figure and the table legends should appear on the top of the table.  The words Figure and Table and the corresponding numbers and title should be in bold.  These legends should be centered and justified, with examples below.
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Figure 1: Picture of VT at dusk.
	Table 1: Summary of Abrasion Test Results 

	Test
	Seam          Type
	Peak Pressure (MPa)
	Peak Velocity    mph (m/s)
	Abrasion Score 

	1
	Control
	1.50
	210 (93.9)
	0.00

	2
	Control
	1.46
	215 (96.1)
	0.00

	3
	1
	1.88
	234 (104.6)
	2.16

	4
	1
	1.83
	216 (96.6)
	2.21


Much of the following material in this document is summarized from [1].
Examples of sections are almost always taken from actual USNA student work.

The INTRODUCTION of a laboratory/project report identifies the experiment to be undertaken (or, for a project, the problem to be solved), the objectives of the experiment (for a project:  the design or problem to be solved), the importance of the experiment, and overall background for understanding the experiment. The objectives of the experiment are important to state because these objectives are usually analyzed in the conclusion to determine whether the experiment succeeded. The introduction often includes theoretical predictions for what the expected results should be. 

If breaking up the flow of any section is required, use the following notation:

A. Background of the Experiment

B.  Theoretical Predictions

C.  Any other Sub Heading

B.  Example Background Section
The purpose of the Near Earth Wireless measurement campaign is to evaluate near-ground atmospheric activity in order to determine the existence of a correlation between meterological phenomena with anomalies in an established wireless propagation path.  Weather monitoring equipment was installed in close proximity to the propagation channel in order to accurately document the meteorological events occurring between the transmitter and receiver.

Monitoring near-ground weather requires an understanding of the interaction between incoming solar radiation and the ground as well as the development of vertical profiles of temperature and humidity that drive the vertical motion of air parcels.  Evaluating temperature and humidity profiles lends some insight into the stability of the near-ground atmosphere.  These measurements have been analyzed in depth, and detailed models can be used to show positive/negative gradients, steepness of the profile, and establishment of stability classification based on lapse rate.  Based on available data, further potential parameters to explore could include solar radiation, barometric pressure, soil temperature and moisture, and evapotranspiration rates.  The ultimate goal is to achieve some level of understanding of the overall turbulence in the boundary layer at a given time based on known variables and thus some predictability regarding wireless performance.  It is also critical to continue developing more standardized and precise methodology, potentially incorporating new parameters and sensors in future research.  

METHODOLOGY

The METHODOLOGY section discusses how the experiment occurred. Documenting the procedures of your laboratory experiment (or, for a project, the approach taken to solving the problem) is important not only so that others can repeat your results but also so that you can replicate the work later, if the need arises. Laboratory procedures should been written as third-person narratives as opposed to second-person sets of instructions (see the example below).

Achieving a proper depth in laboratory procedures is challenging. In general, you should give the audience enough information that they could replicate your results. For that reason, you should include those details that affect the outcome. Consider as an example the procedure for using an oscilloscope and signal generator to observe a signal.  Because this equipment is standard for an electrical engineering laboratory, you can assume that your audience will be familiar with their basic setup and operation.  What you would want to include, then, would be those details that might cause your results to differ from those of your audience. Such details would include the model number of the signal generator/oscilloscope, the connection of the system under test (a block diagram is generally preferred over narrative) and the pertinent settings for each instrument (sample rate, timescale, points recorded, etc). Should you have any anomalies during your measurements, you would want to include those details.
A.  Example Methodology – Measurement Setup I
A basic block diagram of the measurement system is shown in Figure 1. In order to accurately characterize UWB propagation over long distances in the forest, the measurement system utilized two broadband amplifiers: a high power amplifier at the transmitter, and a high gain amplifier at the receiver. A Tektronix AWG7102 Arbitrary Waveform Generator (AWG) operating at a sampling frequency of 20 GHz was used to create the transmitted pulse. In order to match the 0.7 - 4.2 GHz operating frequency of the power amplifier, the AWG was configured to generate a second derivative Gaussian pulse.
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Figure 1: A block diagram of the Propagation Measurement System.
The AWG was also configured to output a trigger signal which was used by the receiver to initiate acquisition of a received waveform. Peak transmitter output power (as measured at the input to the antenna) was set at 46 dBm (40 Watts). At the receiver, a MiniCircuits ZHL-4240W amplifier was used to amplify the received signal, and a Tektronix DPO70804 Oscilloscope, operating at a sampling frequency of 25 GHz, was used to record received waveforms. Two different broadband antenna types were used during the measurement campaign, a set of biconical antennas and a set of TEM horn antennas. For both combinations, transmitter and receiver antennas were vertically polarized, and heights were nominally set at 1.3 meters above the ground. To calibrate the measurement system, the transmitter and receiver were relocated to a free-space environment, placed at a distance of 3.7 and 4.0 meters apart (for the bicones and horns, respectively), and the received signal was recorded. The ground reflection was time-gated out of the received signal, so that the line-of sight only signal could be used as the reference waveform.

A.  Example Methodology – Measurement Setup II
Davis Instruments Vantage Pro2 atmospheric measurement equipment was used to monitor temperature, humidity, wind speed, solar radiation, barometric pressure, and soil temperature & moisture.  Measurements were recorded once per minute for the duration of each experiment.  In order to establish a vertical profile of the atmosphere, the instruments monitoring temperature and humidity were installed on a tripod at logarithmically spaced heights of 0.134m, 0.235m, 0.426m, 0.622m, 1.010m, and 1.620m.  An anemometer, rain gauge, solar and UV sensor were installed at a height of 1.8 meters.  Four pairs of soil temperature and moisture sensors were installed under the surface of the earth at depths of 0.051m, 0.127m, 0.229m, and 0.406m.  A drill with an auger bit equal to the width of the sensors was used to install the sensors, ensuring minimal disturbance to the surrounding sediment.  Data collected from the instruments were wirelessly transmitted back to a set of three monitoring consoles using the 900 MHz ISM band.  All three consoles were set for the appropriate latitude, longitude, and elevation corresponding to the RF measurement location.  To both accurately characterize the RF path under test, while minimizing the impact of the weather station on the propagation measurements, the weather station was installed approximately midway between transmitter and receiver, but offset from the line-of-sight link by at least 30 meters. 
B.  Example Methodology – Measurement Procedure

Propagation measurements were performed in the Blacksburg/New River Valley district of the Jefferson National Forest. Jefferson Forest contains a mix of conifer and hardwood trees along with low-lying underbrush/shrubs such as rhododendron and mountain laurel.

For each environment, three different transmitter locations were selected. Two of the transmitter locations were used with both bicone and horn antennas for straight-line measurements where a series of receiver locations were located at various distances along a straight line originating from the transmitter. For the third transmitter location, a “cross” style measurement was performed with the horn antennas, to ensure adequate characterization of the local environment. For the cross measurements, the transmit antenna was set up in the center of an environment, and receiver locations were located at various distances along straight lines in the North, South, East, and West directions. Overall, transmitter-receiver distances varied between 4.5 meters and 50 meters.

In this measurement campaign, a total of 12 separate transmitter and 93 separate receiver locations were utilized. Measurement sites were chosen to investigate the typical forest environments that would be encountered by UWB sensor networks or position location systems, including: line-of-sight (LOS), non line-of-sight (NLOS), and cluttered propagation environments. At every receiver location, a series of received waveforms were recorded along a linear measurement track.  Two types of track measurements were performed: parallel track measurements and perpendicular track measurements, and either or both types of measurements were performed based on the structure of the local environment. Parallel track measurements consisted of orienting the track parallel to the line connecting transmitter to receiver. Perpendicular track measurements consisted of orienting the track orthogonal to the line connecting transmitter to receiver. For both cases, received waveforms were recorded every 2 centimeters over the 1.2 meter length of the track, for a total of 60 received waveforms recorded along the length of the track.

C.  Example Methodology – Measurement Procedure
 A. BASK Generation and Measurement 
For both signals in the experiment, an input digital signal of "101101111000111001", encoded as Bipolar NRZ with amplitudes -2.5V (binary 0) and 2.5V (binary 1) and at a data rate of 10 kbps was used. Data collection was performed using the LeCroy WaveSurfer 104MXs oscilloscope, configured to capture 100,000 kS at 20 MS/s. 
To generate the BASK and noise signals, Agilent 33220A signal generators were configured as shown in Figure 1.
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Figure 1:  Measurement Setup Connections to evaluate BASK/BFSK in the presence of noise.
Generator 1 was configured to produce a 4.7 MHz, 0 dBm sine carrier wave with BASK operating at a modulation index of 100% (On-Off Keying). Generator 2 was configured to produce AWGN at a configurable power level. The output of Generator 2 was initially disabled. 

The RMS voltage of the test BASK signal was measured using the oscilloscope's built-in RMS voltage measurement feature and the signal power was calculated using the following formula and the knowledge that the input impedance of the oscilloscope was 50 Ω.
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Captures of this signal were made at four noise power levels: off, -10 dBm, 0 dBm, and +10 dBm. For each data point, the same procedure was followed. Generator 2 was configured to produce the appropriate output power level. The presence of the noise signal at the expected amplitude was verified using the Oscilloscope. The time-domain signal data was captured using the oscilloscope in a Matlab-compatible format.  Care was taken to ensure that a complete bit sequence was recorded in the capture.  The output of the signal generators was then disconnected from the oscilloscope and Anritsu MS2711D spectrum analyzer, which was used to capture the frequency-domain representation of the signal.

A nearly identical series of steps was followed to create and capture the BFSK data, with the exception that. Generator 1 was reconfigured to generate a 1 MHz sine with BFSK and a Hop Frequency of 940 kHz. Data was captured at the same four power levels as the BASK signal, and following the same procedure.

C. Demodulation

The following block diagram illustrates the Matlab design of the BASK demodulator.
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Figure 2:  Block Diagram of a simple ASK Receiver
The captured input signal was first passed through a band-pass filter centered at the carrier frequency of 4.7 MHz.  The filter had a bandwidth of 60 kHz, which removed everything except the signal of interest.  The resulting signal was then rectified and passed through a low pass filter with a cutoff of 20 kHz. This cutoff was chosen to correspond to the theoretical bandwidth of the 10kbps NRZ encoded baseband digital signal.

The resulting waveform represents the raw recovered output of the demodulator. It was then passed through a software routine to detect the location of bit transitions. With this information, the value of the signal over each bit's time period was averaged and fed into a threshold detector to create the final output bit sequence.
RESULTS

The heart of a laboratory report is the presentation of the results and the discussion of those results. Much here depends upon your experiment and the purpose of your laboratory report. 

In discussing the results, you should not only analyze the results, but also discuss the implications of those results. Moreover, pay attention to the errors that existed in the experiment, both where they originated and what their significance is for interpreting the reliability of conclusions. One important way to present numerical results is to show them in graphs.  Never say something was a "good approximation" or "close enough" – without any further information, you do not know whether it is acceptable.  If acceptance criteria exist, state so, and state whether your data meets that criteria.  You should provide an objective assessment for a reader to interpret, such as: "The measured gain curve was 3dB lower than the theoretical predicted value at 1 kHz" or "The measured BER curves are 0.5 dB worse than the theoretical predicted curves".
A.  Example Results
The voltages as measured for the pressure and temperature transducers appear in Table 1. The first two columns of Table 1 show the measured voltages from the pressure transducer and the temperature transducer. Column three shows the measured values of pressures calculated from the following calibration curve for the pressure transducer [2]:
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where V equals the voltage output (volts) from pressure transducer, and p equals the absolute pressure (kPa).

Column four presents the measured values of temperature (K) calculated from the calibration curve for the thermocouple [2]:
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where Tref equals the ice bath reference temperature (0°C), VT equals the voltage (volts) measured across the thermocouple pair, and S equals the thermocouple constant, 42.4 µV/°C.

As part of this experiment, the theoretical values of temperature were calculated for each measured pressure value. In this calculation, which used the ideal gas equation, the volume and mass were assumed to be constant. These theoretical values of temperature are shown in column 5 of Table 1. 

From these measured values, a plot between temperature (K) and pressure (kPa) was created, and is shown in Figure 2. As can be seen from the figure, the relationship of temperature versus pressure is roughly linear.  From this final column, we created a plot of ideal temperature (K) versus pressure (kPa), as shown in Figure 3. From the figure, we can observe that the relationship between temperature and pressure is exactly linear.

B. Example Discussion of Results

A comparison between Figures 2 and 3 reveals significant differences. In general, the measured values of temperature are lower than the ideal values, and the measured values are not exactly linear. Several errors could explain the differences: precision errors in the pressure transducer and the thermocouple; bias errors in the calibration curve for the pressure transducer and the thermocouple; and imprecision in the atmospheric pressure assumed for the locale. The bias errors might arise from the large temperature range considered. Given that the temperature and pressure ranges are large, the calibration equations between the voltage signals and the actual temperatures and pressures might not be precise for that entire range. The last type of error mentioned, the error in the atmospheric error for the locale where the experiment occurred is a bias error that could be quite significant, depending on the difference in conditions between the time of the experiment and the time that the reference measurement was made.
C. Another Example Discussion of Results

The soil properties presented for the RF test sites are common to central Missouri, USA.  The soils are from the top horizon and contain significant percentages of organic carbon (0.3 to 3 percent) typical of productive agricultural lands.  The Atterberg limits varied; however, most of the soils classified as low plasticity silts (ML) indicating soils of fair to good drainage and low, if any, clay content.   This is further supported by the low cation exchange capacities (5 to 30 meq/100 gm).  The soils also have low dry densities (60 to 80 pcf), further indicative of surface soils and soils in agricultural areas.

The differences between the soil moisture contents between the two sampling events are expected given that the soils are surficial and subject to rapid wetting during precipitation events.  The soils also drain (by gravity) quickly after precipitation events with the exception of the low plasticity clays (CL) below a depth of 12 inches at Site 4 “Bowders Farm.”  A temporal soil water content profile is typical for the humid climate in this region.

CONCLUSIONS

The conclusions are the most important parts of your study. Whereas the RESULTS section has discussed the results individually, the CONCLUSION section discusses the results in the context of the entire experiment. Usually, the objectives mentioned in the INTRODUCTION are examined to determine whether the experiment succeeded. If the objectives were not met, you should analyze why the results were not as predicted.
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