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Abstract 

 
John Deere’s Harvest Identification system (HID) has allowed for the visualization of georeferenced cotton fiber 
quality at the module resolution. Visualization of this data is only half of the advantage to this dataset and system. 
Understanding why there are differences between modules and bales is the next step. The main goal of this project 
was to utilize round modules tracked through the HID system, and to explore the variability of the individual four 
bales created during the ginning process from each round module. To begin the data processing, a module’s average 
fiber quality must be determined. This is done similarly to an early 2000’s technique of module averaging. This is 
accomplished by taking the bale report and averaging all the fiber parameters for all bales, that are produced from a 
specific module. Modules are identified using the gin’s unique label. The next step in understanding this data is 
knowing if module averaging is effectively representing the fiber quality data from the individual bales for a single 
module. To determine the module variability standard deviations and uncertainty analysis can be performed for the 
cotton bales created from each module as well as for a field total. This allows for a statistical view of the performance 
of averaging module fiber quality. It also shows different fiber quality parameters render at different levels, higher or 
lower when averaged. With current bale data and statistics, it appears that bales are relatively consistent with fiber 
quality and module averaging is effective in its display of fiber quality. This more statistical approach to the data 
begins to answer the question if averaged module fiber quality is capable of showing the variability within a cotton 
module.  

 
Introduction 

 
Through the development of a procedure to handle John Deere’s Harvest Identification (HID) data (Fuhrer, 2020 & 
Fuhrer, 2021), a more focused understanding of the spatial variation of fiber quality can be explored. The spatial maps 
of the HID and fiber quality data are still only at the module level resolution. This is due to the module averaging that 
occurs which averages all bales from a specific module. This allows for the module’s average fiber quality to be 
displayed at each point it represents. Module averaging, a program also offered commercially by the USDA, has been 
in place since 1991. This is a voluntary program that growers can be a part of, if desired. Each bale submitted to the 
program is compared to the running average, and outliers are identified. This program though only applies this average 
to certain fiber parameters. These parameters include fiber strength, micronaire, length, and uniformity. Statistical 
studies show that module averaging improves the accuracy of quality measurements (2019, USDA-AMS). Questions 
were posed to the module averaging effectiveness at displaying the variation in quality between all, typically four, 
bales from each module. It also prompted further questioning of which parameters performed better than others in this 
averaged form. Through this, the averaging of round modules on a single module basis will also gain more credibility 
to the program. Currently the USDA reports that in 2019 roughly 55% of cotton growers utilize module averaging. 
While the two largest production states, Texas and Georgia, only have around 40% of growers opting in for this 
program. With more statistics and knowledge on this area growers may become more confident in the program or help 
educate them on the opportunities available to them.  
 

Objectives 
 

The main objective of this study was to determine if averaged modules accurately show the true variability of fiber 
quality between bales from each module. The second part of the objective expands further and asks the question of 
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how does this effect the HID fiber quality mapping. The last objective of this study is to identify parameters that do 
show this variability or not accurately.  
 

Materials and Methods 
 

The materials for this study are limited to Excel, a python coding platform, and grower bale reports. The field of 
interest in 2020, a grower’s on farm trail, was located in Colquitt, GA. This field produced 25 modules which were 
used in a series of statistical analysis to evaluate the effectiveness of module averaging of round modules. This field 
was chosen due to an on-farm trail performed and carried out by the grower. Three seed varieties and four seeding 
rates were tested on the 45-acre field. Once the field was harvested, modules were scanned using a radio frequency 
identification (RFID) reader and labeled. These modules were then transported to the Clover Leaf Gin in 
Donalsonville, GA. This gin labels each module with a number identifier that includes the grower’s field code and 
module number. This code generated by the gin, is recorded and related back to the project label. This identifier is 
used by the gin when collecting samples from each bale, from a specific module, for fiber classing. Once classing is 
complete the bale report can be generated for all the bales from a particular field. Each bale produced from a specific 
module are assigned the same load number. Typically, four bales per module are produced, but can vary due to module 
size. 
 
 The methodology does rely on the python program written previously in Fuhrer et al. 2021 for module averaging. 
This program allows for a quick and effective solution for averaging fiber parameters by module load number. The 
code utilizes the load number column and groups the bales. Each load number relates back to a single module. It then 
takes the mean for each specified parameter by the number of bales in that group. Finally, the program exports a new 
Excel file which contains these averaged values for each module. This code was adapted to perform a standard 
deviation function as opposed to the averaging function for this study. This allowed for the standard deviation to be 
examined for each parameter, for each module. The standard deviation begins to explain how much variation is present 
in each of the parameters. This was also graphed, and error bars used to give a visual depiction of the data range. This 
visual depiction gives an easy overview of the data, and allows for the identification of trends if present.  
Utilizing the standard deviation values, an uncertainty analysis was also be performed. Due to a new Excel file being 
made with the standard deviation program, a new sheet was added to this file. This allowed for the reference to the 
standard deviation values much efficient. The equation (standard deviation / √𝑛𝑛 ) is used for this analysis. The variable 
n represents the number of bales per module. The number of bales produced from each module needs to be notated to 
correctly input the value for n. The equation can be copied and pasted to each row with the correct referenced standard 
deviation inserted. This simple calculator created a much easier process to gather this data, as well as an easier and 
organized data view. This analysis is used to explain the variability of the output due to the variability of the inputs. 
In this case the module averaged values are explained by the variability of the inputted fiber quality. While standard 
deviation explains the single sample variation, the uncertainty analysis gives a similar view but between the samples.  
 

Results 
 

Utilizing a bale report from the 2020 season from our field of interest, 25 modules were tracked through the ginning 
process. The standard deviation portion of the study identified two parameters we need to consider not averaging. This 
can be seen in Figure 1. In this figure the length and loan value columns are partially or fully highlighted. A condition 
was put over the cells to highlight each cell that was outside of the range of two standard deviations (-2.00 to 2.00). 
Assuming this dataset is distributed normally, it would account for 95% of data. This range was used to identify 
parameters that were likely on the tail ends of the distribution or potentially outliers. The graphic depiction of length, 
which shows high levels of variation, can be seen in Figure 2.  
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Figure 1. A depiction of the output of the standard deviations by parameter for each module. 

 

 

Figure 2. A graphic representation of the average standard deviation and value ranges for the length parameter. 

The uncertainty analysis was used as a metric for further explanation of variability between samples. With the 
uncertainty analysis using the standard deviation in the equation, and having such a small sample size, it followed a 
similar trend as the standard deviation. The highlighted cells from Figure 1 were also cells of interest in this analysis. 
Figure 3 shows the uncertainty analysis. This shows that the variation between the samples of both the length and loan 
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value are too great to confidently be explained by the averaged value. In a summarized form in Figure 4, the total 
average standard deviation and uncertainty analysis for all the 25 modules are displayed for each parameter. This 
smaller tabular output shows two major results. It shows that for our standard deviation for the length and loan value 
are still substantially higher than the other parameters. It also shows that with a larger sample size (n), the margin of 
difference for length and loan value are reduced in an uncertainty analysis.  
 

 

Figure 3. A depiction of the Uncertainty Analysis by parameter for each module. 
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Figure 4. A tabular output of the total averaged standard deviation and uncertainty analysis for all 25 modules by 
parameter. 

 
Summary and Future Research 

 
This study answered the question of, is module average fiber quality effectively showing the true bale fiber variability. 
It showed that a single round module can be averaged, and the average value generated accurately accounts for the 
range in data for most parameters. The findings further verify that the fiber quality can be spatially displayed using 
these averaged values. With both a single sample analysis and between samples analysis, both views of the data 
provide the same variability. This further explains that the length and loan value parameters should be excluded, as 
there was too great of variation in the data to be explained by a single value. To validate these findings, this will be 
done again using bale reports from the 2021 season. Along with doing single field study’s such as this, potentially a 
multifield scope is necessary for further understandings and confirmation. Another future potential, the ginning order, 
which could also be a factor in fiber variation. This project was performed at typical three gin stand commercial gin. 
In commercial gins there is greater potential for blending in the first and last bales of each module. Further statistical 
analysis is necessary to see how much blending affects this. This order was not able to be determined for the 2020 
season but will monitored for analysis for the 2021 season.  
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