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[bookmark: _Toc514964309]Introduction
A total of 6 static sensors were embedded in the Construction Cycle 5 (CC5) test pavement at two locations for static data collection.  The 6 static sensors were grouped by two Thermistor Trees (T’s) each with three sensors along the asphalt depth from the top to the bottom, named as T1-A, T1-B, T1-C, T2-A, T2-B, and T2-C respectively.  See figure 1 and figure 2 for the sensor diagrams.  The temperature sensors are highlighted with yellow.
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[bookmark: _Toc514254056][bookmark: _Toc514964506]Figure 1.  Thermistor Tree T1
[image: ]
[bookmark: _Toc514254057][bookmark: _Toc514964507]Figure 2.  Thermistor Tree T2
[bookmark: _Toc513455142][bookmark: _Toc513456396][bookmark: _Toc514964310]Temperature Data Collection
The CC5 temperature sensor data was collected by Signal Processing Unit (SPU) cards during the traffic test operations.  The data was collected during the testing periods of 2008 (8/14/2008 to 11/7/2008) and 2009 (8/25/2009 to 10/16/2009).  Table 1 shows that during 2008 testing period, the T1 data (T1-A, T1-B, and T1-C) was collected by SPU1, Card 3, using Channels 1, 2, and 3, respectively.  During the 2009 testing period, the T1 data was collected by SPU1, Card1 as listed in table 2.  The T2 data (T2-A, T2-B, and T2-C) was collected by SPU2, Card1 using Channels 1, 2, and 3 respectively for both 2008 and 2009 testing periods as shown in table 3. 

The CC5 temperature data was missing for periods in 2010 and 2012.  In table 4 and table 5, the Channel status “0” indicates the data was not available for these channels.  This indicated the need to develop a comparable table to fill in the missing data.


[bookmark: _Toc514254085][bookmark: _Toc514964775]Table 1.  Header for SPU1 Card3 - 2008
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[bookmark: _Toc514254086][bookmark: _Toc514964776]Table 2.  Header for SPU1 Card1 - 2009
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[bookmark: _Toc514254087][bookmark: _Toc514964777]Table 3.  SPU2 Card1 for 2008 and 2009
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[bookmark: _Toc514254088][bookmark: _Toc514964778]Table 4.  SPU1 Card1 for 2010 and 2012
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[bookmark: _Toc514254089][bookmark: _Toc514964779]Table 5.  SPU2 Card1 for 2010 (SPU2 Card1 files were not available for 2012 trafficking)
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[bookmark: _Toc513455143][bookmark: _Toc513456397][bookmark: _Toc514964311]Temperature Data Processing
The CC5 temperature data processing includes the analysis of two types of data, available sensor data and unavailable sensor data.  The available sensor data was directly processed using the TenView program.  After processing the data the values were then transferred to the database system.  This process varied from the usual data processing procedures used in the other construction cycles.  Temperature data was collected by the MUX system during other construction cycles, but for the CC5 temperature data it was collected using SPUs.  During the 2008 and 2009 trafficking periods, the temperature sensor data was processed by using the TenView program on the hourly files and pass files collected from the SPU.  This processing approach is the same as what is typically used for the other sensors whose data is collected by the SPU. 

The 2010 and 2012 data being identified as unavailable is not able to be retrieved.  It has not been determined if the data was never acquired or if an error happened during storage of the data.  To attempt to provide a reasonable alternative source for the information, it was decided to use the neural networks of artificial intelligence techniques to build the data tables based on the similar temperature data from prior years and compare that data to the collected information.

Three types of information were used for the input parameters for the neural networks modeling: 
· Additional log files collected at the NAPTF
· Airport ACY ambient temperature data
· Pavement temperature data of prior years
These three data types were input to the neural network program by category.  Several methods were compared by adjusting the data weights to obtain the most reasonable temperature range during the periods with missing data.  The modeling and calculations included in the modeling are discussed further in the next sections. 

[bookmark: _Toc514964312]Modeling using Additional Log Files 
Additional Log files were collected as part of the NAPTV trafficking between 8/14/2008 and 10/26/2012.  These are not pavement temperature values but contain the temperature data of the carriage module tires during trafficking as shown in table 6.  It is to be noted that the tire temperature was not a constant value, the range depended on the tire location and time of the test.  The additional Log files were processed by using the ReadTVLog program to obtain the tire temperatures.
[bookmark: _Toc514254090][bookmark: _Toc514964780]Table 6.  Available Tire Temperatures for 2008, 2010, and 2012 Trafficking
[image: ]
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[bookmark: _Toc514964313]Modeling using ACY ambient temperature data
Atlantic City Airport (ACY) hourly temperatures are available on the website of https://www.wunderground.com/history/airport/KACY/ as shown in figure 3.
[image: ]
[bookmark: _Toc514254058][bookmark: _Toc514964508]Figure 3.  The Atlantic City Airport (ACY) Hourly Temperature Data
[bookmark: _Toc514964314]Modeling using the temperature data of prior years 
Compared to the 2009 trafficking period, the 2008 trafficking had a longer testing period and had a larger range of temperatures during the testing.  It was found reasonable to select the 2008 data as the prior year information for the modeling. 

The 2008 temperature sensor data was prepared according to the requirements of the neural network program parameter format. 

[bookmark: _Toc513455144][bookmark: _Toc513456398][bookmark: _Toc514964315]Computation of Temperature Data
[bookmark: _Toc514964316]Computation method
Using the 2008 tire temperature data from the Additional Log Files and the airport ACY ambient temperature data, the neural network program was used to simulate the 2008 pavement temperature sensor data.  These computed pavement temperature sensor values were compared with the actual 2008 pavement temperature sensor data that had been collected and processed.  By adjusting the computing factors to develop the desired neural network models, approximate values of the missing pavement temperature data of CC5 was obtained.  The CC5 artificial neural network structure is depicted in figure 4. 

INPUT LAYER
2008 ACY ambient temperature
INPUT LAYER
2008 trafficking tire temperature 
HIDDEN LAYER
OUTPUT LAYER MODLE
Use for the computation of missing pavement temperature 
VERIFICATION
Through the collected 2008 real pavement temperature data


[bookmark: _Toc514254059][bookmark: _Toc514964509]Figure 4.  CC5 Artificial Neural Network Structure
[bookmark: _Toc514964317]Computation program
The neural networks software JustNN was used for the calculations.  The software created by the Neural Planner Software Company can be downloaded from the website of http://www.justnn.com/.  The program imports data from txt, csv, xls, bmp or binary files, and can grow a multiple layer neural network that will learn from the input data.  The data can be validated while the network is learning, and then can be tested or queried using the new data to produce results.

The JustNN program works through following steps:
· Import text, csv, spreadsheet, image or binary files into the grid.
· Use one of the editing and pre-formatting functions on the grid. 
· Build the neural networks from the grid.  
· Train, validate and query the neural network. 
The program gives an example of the structure diagram as plotted in figure 5.
[image: ]
[bookmark: _Toc514254060][bookmark: _Toc514964510]Figure 5.  JustNN Program Structure Diagram Example
[bookmark: _Toc514964318]Computation parameters
Based on the data range analysis and preliminary computations, 12 input parameters were selected to develop the neural network models.
· ACY_Temperature
· C1TIRE1N_TEMPERATURE
· C1TIRE1S_TEMPERATURE
· C1TIRE2N_TEMPERATURE
· C1TIRE2S_TEMPERATURE
· C1TIRE3N_TEMPERATURE
· C1TIRE3S_TEMPERATURE
· C2TIRE1N_TEMPERATURE
· C2TIRE1S_TEMPERATURE
· C2TIRE2S_TEMPERATURE
· C2TIRE3N_TEMPERATURE
· C2TIRE3S_TEMPERATURE
These 12 types of input values were used as the inputs for trafficking between 7/12/2010 and 8/11/2010, which depended on the data quantities at different sensor locations of T1-A, T1-B, T1-C, T2-A, T2-B, and T2-C, respectively.  Table 7 gives the detail input and output information.
[bookmark: _Toc514254091][bookmark: _Toc514964781]Table 7.  CC5 Temperature ANN Models Input and Output
	 Trafficking periods
	Input Source
	Output

	7/12/2010 and 8/11/2010 
	ACY_Temperature
	T1-A, T1-B, T1-C

	 
	C1TIRE1N_TEMPERATURE
	 

	
	C1TIRE1S_TEMPERATURE
	

	
	C1TIRE2N_TEMPERATURE
	

	
	C1TIRE2S_TEMPERATURE
	

	
	C2TIRE1N_TEMPERATURE
	

	
	C2TIRE1S_TEMPERATURE
	

	
	C2TIRE2S_TEMPERATURE
	

	
	C2TIRE3N_TEMPERATURE
	

	
	C2TIRE3S_TEMPERATURE
	

	7/12/2010 and 8/11/2010 
	ACY_Temperature
	T2-A, T2-B, T2-C

	 
	C2TIRE1N_TEMPERATURE
	 

	 
	C2TIRE1S_TEMPERATURE
	 

	9/15/2010 and 11/15/2010
	ACY_Temperature
	T1-A, T1-B, T1-C

	 
	C2TIRE2S_TEMPERATURE
	 

	 
	C2TIRE3N_TEMPERATURE
	 

	 
	C2TIRE3S_TEMPERATURE
	 

	9/15/2010 and 11/15/2010
	ACY_Temperature
	T2-A, T2-B, T2-C

	 
	C2TIRE2S_TEMPERATURE
	 

	 
	C2TIRE3N_TEMPERATURE
	 

	 
	C2TIRE3S_TEMPERATURE
	 

	8/21/2012 and 10/26/2012
	C1TIRE2N_TEMPERATURE
	T1-A, T1-B, T1-C

	 
	C1TIRE2S_TEMPERATURE
	 

	 
	C1TIRE3N_TEMPERATURE
	 

	 
	C1TIRE3S_TEMPERATURE
	 

	 
	C2TIRE1N_TEMPERATURE
	 

	 
	C2TIRE1S_TEMPERATURE
	 

	 
	C2TIRE3N_TEMPERATURE
	 

	 
	C2TIRE3S_TEMPERATURE
	 

	8/21/2012 and 10/26/2012
	C1TIRE2N_TEMPERATURE
	T2-A, T2-B, T2-C

	 
	C1TIRE2S_TEMPERATURE
	 

	 
	C1TIRE3N_TEMPERATURE
	 

	 
	C1TIRE3S_TEMPERATURE
	 

	 
	C2TIRE1N_TEMPERATURE
	 

	 
	C2TIRE1S_TEMPERATURE
	 

	 
	C2TIRE3N_TEMPERATURE
	 

	 
	C2TIRE3S_TEMPERATURE
	 



[bookmark: _Toc514964319]Computation results
The computation results of T1 and T2 for the different testing periods are included in figures 6 to 11. 
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[bookmark: _Toc514254061][bookmark: _Toc514964511]Figure 6a.  Details for T1 Modeling of Trafficking Between 7/12/2010 and 8/11/2010
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[bookmark: _Toc514254062][bookmark: _Toc514964512]Figure 6b.  Network for T1 modeling of Trafficking Between 7/12/2010 and 8/11/2010
[image: ]
[bookmark: _Toc514254063][bookmark: _Toc514964513]Figure 6c.  Learning Results for T1 Modeling of Trafficking Between 7/12/2010 and 8/11/2010
[image: ]
[bookmark: _Toc514254064][bookmark: _Toc514964514]Figure 6d.  Input Importance for T1 Modeling of Trafficking Between 7/12/2010 and 8/11/2010
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[bookmark: _Toc514254065][bookmark: _Toc514964515]Figure 7a.  Details for T2 Modeling of Trafficking Between 7/12/2010 and 8/11/2010
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[bookmark: _Toc514254066][bookmark: _Toc514964516]Figure 7b.  Network for T2 Modeling of Trafficking Between 7/12/2010 and 8/11/2010
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[bookmark: _Toc514254067][bookmark: _Toc514964517]Figure 7c.  Learning for T2 Modeling of Trafficking Between 7/12/2010 and 8/11/2010
[image: ]
[bookmark: _Toc514254068][bookmark: _Toc514964518]Figure 7d.  Input Importance for T2 Modeling of Trafficking Between 7/12/2010 and 8/11/2010
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[bookmark: _Toc514254069][bookmark: _Toc514964519]Figure 8a.  Details for T1 Modeling of Trafficking Between 9/15/2010 and 11/15/2010
[image: ]
[bookmark: _Toc514254070][bookmark: _Toc514964520]Figure 8b.  Network for T1 Modeling of Trafficking Between 9/15/2010 and 11/15/2010
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[bookmark: _Toc514254071][bookmark: _Toc514964521]Figure 8c.  Learning for T1 Modeling of Trafficking Between 9/15/2010 and 11/15/2010
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[bookmark: _Toc514254072][bookmark: _Toc514964522]Figure 8d.  Input Importance for T1 Modeling of Trafficking Between 9/15/2010 and 11/15/2010

[image: ]
[bookmark: _Toc514254073][bookmark: _Toc514964523]Figure 9a.  Details for T2 Modeling of Trafficking Between 9/15/2010 and 11/15/2010
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[bookmark: _Toc514254074][bookmark: _Toc514964524]Figure 9b.  Network for T2 Modeling of Trafficking Between 9/15/2010 and 11/15/2010
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[bookmark: _Toc514254075][bookmark: _Toc514964525]Figure 9c.  Learning for T2 Modeling of Trafficking Between 9/15/2010 and 11/15/2010
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[bookmark: _Toc514254076][bookmark: _Toc514964526]Figure 9d.  Input Importance for T2 Modeling of Trafficking Between 9/15/2010 and 11/15/2010
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[bookmark: _Toc514254077][bookmark: _Toc514964527]Figure 10a.  Details for T1 Modeling of Trafficking Between 8/21/2012 and 10/26/2012
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[bookmark: _Toc514254078][bookmark: _Toc514964528]Figure 10b.  Network for T1 Modeling of Trafficking Between 8/21/2012 and 10/26/2012
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[bookmark: _Toc514254079][bookmark: _Toc514964529]Figure 10c.  Learning for T1 Modeling of Trafficking Between 8/21/2012 and 10/26/2012
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[bookmark: _Toc514254080][bookmark: _Toc514964530]Figure 10d.  Input Importance for T1 Modeling of Trafficking Between 8/21/2012 and 10/26/2012
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[bookmark: _Toc514254081][bookmark: _Toc514964531]Figure 11a.  Details for T2 Modeling of Trafficking Between 8/21/2012 and 10/26/2012

[image: ]
[bookmark: _Toc514254082][bookmark: _Toc514964532]Figure 11b.  Network for T2 Modeling of Trafficking Between 8/21/2012 and 10/26/2012
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[bookmark: _Toc514254083][bookmark: _Toc514964533]Figure 11c.  Learning for T2 Modeling of Trafficking Between 8/21/2012 and 10/26/2012
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[bookmark: _Toc514254084][bookmark: _Toc514964534]Figure 11d.  Input Importance for T2 Modeling of Trafficking Between 8/21/2012 and 10/26/2012
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