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 BACKGROUND 
Bluetooth technology emerged over twenty years ago and has been continuously improved 

throughout the years to replace the need of physical data cables. Bluetooth offers users a quick and 

easy way to share data and information over a wireless network. Essentially, Bluetooth operates by 

sending and receiving radio signals from one Bluetooth device to another. 

 Traffic engineers and researchers have utilized the potential opportunities that exist with 

Bluetooth and have implemented this technology into traffic monitoring techniques. Recently, 

Bluetooth has become an alternative to former methods of travel time measurement methods such 

as GPS probe vehicles, ALPR cameras, and speed sensors. Bluetooth as a method of travel time 

measurement works by deploying a pair of Bluetooth sensors along a roadway segment. The 

distance between the sensors is recommended to be greater than one mile. By emitting a signal out, 

the Bluetooth sensor waits to receive a signal back from any Bluetooth-enabled device that may be 

carried by the driver or passengers. If the Bluetooth sensor receives a response, the Mac address 

and timestamp of that signal is anonymously recorded. However, in order to calculate a travel time 

that particular Mac address must be recognized again by the later sensor. If the second sensor does 

in fact recognize the Mac address again, then a travel time may be calculated between the two 

sensors. It is important to note that many researchers have found vehicle detection and match rates 

to be relatively low due to a lack of Bluetooth-enabled devices being carried by drivers. 

Consequently, it is imperative for decision makers to determine the minimum required detection 

rate for a representative sample of the total vehicle volume traversing the studied route.  

 Bluetooth technology used for travel time measurement demonstrates many benefits and 

drawbacks. The benefits and drawbacks associated with Bluetooth technology are unique to the 

technology itself and are being investigated to determine how to minimize the drawbacks of 

Bluetooth sensors. Easy to implement, Bluetooth sensors have been praised for their simplicity. 

However, drawbacks like low detection rates, its inability to count traffic volume, discrepancies in 

the detection zone, dependency on power supply and cellular towers, oversampling, and excessive 

amount of data to be processed has made researchers wary of the Bluetooth technology. 

Additionally, the phenomenon on trip-chaining has made it difficult for researchers to determine 

valid travel times. Moreover, since there is no standard to Bluetooth data processing, case study 

results may vary from each other. Researchers suggest that decision makers looking to use 

Bluetooth sensors for travel time measurement should clearly identify the goal of the study and 

determine if the possible disadvantages of the Bluetooth sensors outweigh the benefits for that 

particular application.  



DATA ANALYSIS 
 In 2013, a study was launched in Delaware to observe traffic behavior at designated 

locations along DE 1. A total of six Bluetooth sensors (Figure 1) were installed at the following 

locations– SR 30, SR 16, Five Points, Collins Street, SR 26, and SR 54. More specifically, the 

identification of each of the sensors, respectively, is SBT0003, SBT0004, SBT0001, SBT0002, 

SBT0005, and SBT0006.  

On the four days of data collection, the Bluetooth sensors collected traffic data in both 

directions of traffic (e.g., northbound and southbound). To validate the Bluetooth travel times, 

travel times were derived from GPS probe vehicles. Data set includes Bluetooth detection data from 

6 Bluetooth detector for the 4 days stated below:  

 

 September 25 2013 6:30 AM – 9:30 AM 

 October 1 2013   6:30 AM – 9:30 AM 

 September 26 2013 3:30 PM – 6:30 PM 

 October 22 2013  3:30 PM – 6:30 PM 

 

 
Figure 1. Location of Bluetooth Sensors 

The data from all six Bluetooth sensors was separated into four Excel spreadsheets based on the 

date the data was collected. Then, it was ensured that all reported detection times were converted 

into standard time for processing simplicity. For each spreadsheet, the data was organized and 

sorted by ascending name and ascending detection time. Once the spreadsheet was sorted, each 



Mac address was individually analyzed for a match between Bluetooth sensors. If the Mac address 

was recognized by more than one sensor, the travel time was calculated by taking the difference 

between time stamps. In this study, last-to-last matching was used (Table 1).  

 

Following columns are primarily used for data processing:  

1. Station: This column represents location of the Bluetooth detector. For instance, DE1 @ 

DE 30 means, the Bluetooth detector is placed on DE 1 near DE 30.  

2. Vehicle: Vehicle column represents the MAC ID of each Bluetooth enabled device in each 

vehicle/person travelling near Bluetooth detectors. These MAC IDs are unique for each 

phone/computer/vehicle etc.  

3. Detected Time: This column represents the time stamp of the detected vehicle. Includes 

date and time. This column is used for calculating travel time between detectors. 

 

Table 1: Sample Travel Time Calculation for a Selected MAC ID 

Station Vehicle Detected Time 
Detecte
d Time 

 
Travel Time 
(hh:mm:ss) 

DE1 @ Five Points /3JJQE= Tue Oct 1 2013 09:10:34 EDT 9:10:34    
DE1 @ Five Points /3JJQE= Tue Oct 1 2013 09:11:05 EDT 9:11:05   
DE1 @ DE16 /3JJQE= Tue Oct 1 2013 09:17:22 EDT 9:17:22   
DE1 @ DE16 /3JJQE= Tue Oct 1 2013 09:17:24 EDT 9:17:24   
DE1 @ DE16 /3JJQE= Tue Oct 1 2013 09:17:29 EDT 9:17:29   
DE1 @ DE16 /3JJQE= Tue Oct 1 2013 09:17:34 EDT 9:17:34   
DE1 @ DE16 /3JJQE= Tue Oct 1 2013 09:17:42 EDT 9:17:42  0:06:37 
DE1 @ DE30 /3JJQE= Tue Oct 1 2013 09:26:12 EDT 9:26:12   
DE1 @ DE30 /3JJQE= Tue Oct 1 2013 09:26:15 EDT 9:26:15  0:08:33 
 

Once all the individual travel times had been calculated, the average travel time for a 

particular segment on a particular day could be generated to compare with the GPS travel times. 

Moreover, to filter the raw data, GPS probe vehicle data was used to discard outliers in the data. 

Consequently, Bluetooth travel times that were three times greater than the average GPS travel time 

for a particular segment was excluded from the calculation of average travel time reported by 

Bluetooth technology. Additionally, to illustrate the importance of filtering, calculations were 

repeated for the data after Bluetooth travel times two times greater than the average GPS travel 

times were excluded as outliers. Not only were the average travel time of each segment determined, 

but also the standard deviation of that segment. Standard deviation is a type of statistical analysis 

that measures the average distance from a value to the mean. A high standard deviation implies that 

the data is spread out. Essentially, standard deviation provides a measurement of how “spread out 

the data points are” from one another. Likewise, the coefficient of variance has been calculated for 



the data. The coefficient of variance is a statistical measurement that gauges the amount of 

dispersion of a set of data points around the average of the data series as a percentage. The higher 

the coefficient of variance, the greater the distribution of the data points is. On the other hand, the 

lower the coefficient of variance, the smaller the residuals are relative to the average value. It is 

important to note that there was no data collection for Bluetooth sensors SBT0005 and SBT0006 

(SR 26 and SR 54) on September 25, September 26, and October 1. The tables and figures below 

display the outcome of the study. “Bluetooth Average I” refers to travel times that were derived 

from calculations that filtered out travel times three times greater than the average GPS travel time. 

“Bluetooth Average II” refers to travel times that were derived from calculations that filtered out 

travel times two times greater than the average GPS travel time. 

Table 2: Bluetooth and GPS travel times on Sept. 25, 2013 (6:30 AM – 9:30 AM) 

 Direction 
SR 30/ 

SR 16 

SR 16/ 

Five Points 

Five Points/ 

Collins St. 

Collins St./ 

SR 26 

SR 26/ 

SR54 

Distance Miles 9.4 6.7 7.2 10.4 6 

GPS Average SB 09:04 07:14 11:42 10:55 08:12 

Bluetooth Average I SB 09:38 07:40 15:41 - - 

Standard Deviation I SB 02:04 02:46 04:58 - - 

Bluetooth Average II SB 09:25 07:18 13:58 - - 

Standard Deviation II SB 00:54 01:45 02:31 - - 

GPS Average NB 09:03 06:40 13:29 10:53 07:46 

Bluetooth Average I NB 08:51 07:13 21:08 - - 

Standard Deviation I NB 01:08 01:32 07:04 - - 

Bluetooth Average II NB 08:51 07:01 18:19 - - 

Standard Deviation II NB 01:08 00:56 05:38 - - 

 

 An interesting trend that can be seen in Table 2 suggests that error correlates with longer 

segments. For almost all the calculations, the standard deviation increases as the segment length 

increases. This phenomenon may be a result of numerous stops or attractions along the longer 

routes, otherwise known as “trip-chaining.” Stopping for gas or grabbing something to eat may 

certainly influence increases in the data. Therefore, the opposite may also be true – that shorter 

segments minimize trip-chaining. 



 
Figure 2: Average travel time northbound versus destination on Sept. 25, 2013 (6:30 AM – 9:30 AM) 

 

 

 
Figure 3: Average travel time southbound versus destination on Sept. 25, 2013 (6:30 AM – 9:30 AM) 

 

 

 

 

 

 

 



Table 3: Bluetooth and GPS travel times on Sept. 26, 2013 (3:30 PM – 6:30 PM) 

 Direction 
SR 30/ 

SR 16 

SR 16/ 

Five Points 

Five Points/ 

Collins St. 

Collins St./  

SR 26 

SR 26/ 

SR54 

Distance Miles 9.4 6.7 7.2 10.4 6 

GPS Average SB 09:04 07:14 11:42 10:55 08:12 

Bluetooth Average I SB 09:34 07:18 15:06 - - 

Standard Deviation I SB 02:06 01:33 04:55 - - 

Bluetooth Average II SB 09:16 07:10 14:23 - - 

Standard Deviation II SB 00:57 00:58 03:19 - - 

GPS Average NB 09:03 06:40 13:29 10:53 07:46 

Bluetooth Average I NB 08:56 06:59 16:21 - - 

Standard Deviation I NB 00:48 00:48 05:13 - - 

Bluetooth Average II NB 08:56 06:59 15:01 - - 

Standard Deviation II NB 00:48 00:48 03:43 - - 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
Figure 4: Average travel time northbound versus destination on Sept. 26, 2013 (3:30 PM – 6:30 PM) 

 

 

 
Figure 5: Average travel time southbound versus destination on Sept. 26, 2013 (3:30 PM – 6:30 PM).  

 

  



Table 4: Bluetooth and GPS travel times on Oct. 1, 2013 (6:30 AM – 9:30 AM) 

 

 Direction 
SR 30/ 

SR 16 

SR 16/ 

Five Points 

Five Points/ 

Collins St. 

Collins St./ 

SR 26 

SR 26/ 

SR54 

Distance Miles 9.4 6.7 7.2 10.4 6 

GPS Average SB 09:04 07:14 11:42 10:55 08:12 

Bluetooth Average I SB 09:51 07:48 15:26 - - 

Standard Deviation I SB 01:34 02:35 07:40 - - 

Bluetooth Average II SB 09:43 07:19 13:18 - - 

Standard Deviation II SB 01:11 01:10 02:46 - - 

GPS Average NB 09:03 06:40 13:29 10:53 07:46 

Bluetooth Average I NB 09:51 07:12 15:31 - - 

Standard Deviation I NB 03:23 01:51 05:56 - - 

Bluetooth Average II NB 09:06 06:55 14:14 - - 

Standard Deviation II NB 01:12 00:31 04:07 - - 

 

 Comparing Table 4 to the other days of data collection, Table 4 seems to portray the most 

variation in the data than previously. For some of the shorter segments, the standard deviation is 

greater than expected. This may be a result of an insufficient number of samples collected or may 

be an actual depiction of roadway conditions. Again, further investigations into the causes of these 

dispersions, such as aerial cameras, can help identify true travel times.    



 

 
Figure 6: Average travel time northbound versus destination on Oct. 1, 2013 (6:30 AM – 9:30 AM) 

 

 

 
Figure 7: Average travel time southbound versus destination on Oct. 1, 2013 (6:30 AM – 9:30 AM) 

 

 



Table 5: Bluetooth and GPS travel times on Oct. 22, 2013 (3:30 PM – 6:30 PM) 

 

 Direction 
SR 30/ 

SR 16 

SR 16/ 

Five Points 

Five Points/ 

Collins St. 

Collins St./ 

SR 26 

SR 26/ 

SR54 

Distance Miles 9.4 6.7 7.2 10.4 6 

GPS Average SB 09:04 07:14 11:42 10:55 08:12 

Bluetooth Average I SB 09:39 07:22 14:12 11:29 10:41 

Standard Deviation I SB 00:57 01:31 03:12 01:36 03:42 

Bluetooth Average II SB 09:39 07:11 13:26 11:29 09:56 

Standard Deviation II SB 00:57 00:54 01:38 01:36 02:08 

GPS Average NB 09:03 06:40 13:29 10:53 07:46 

Bluetooth Average I NB 09:00 07:02 18:32 11:36 09:56 

Standard Deviation I NB 01:07 00:46 06:40 03:16 03:01 

Bluetooth Average II NB 09:00 07:02 15:32 11:00 09:14 

Standard Deviation II NB 01:07 00:46 03:09 00:55 01:45 

 

 Observing the calculations in Table 5, there seems to be less variation in the data than as 

seen in Table 4. However, referring to the longer routes, the travel times do experience the higher 

value in standard deviation again. Yet, this data set tends to vary less than the previous data sets. 

In this data set, the standard deviation of the longer routes tends to stay around three minutes, 

whereas the other data sets had standard deviations upwards of five or six minutes.  

  



 
Figure 8: Average travel time northbound versus destination on Oct. 22, 2013 (3:30 PM – 6:30 PM) 

 

 

 
Figure 9: Average travel time southbound versus destination on Oct. 22, 2013 (3:30 PM – 6:30 PM) 

 

 

  



Table 6: Match rate for Bluetooth sensors 

 

 
Detected 

Vehicles 
Matched with SR 16 

Matched with Five 

Points 
 

SR 30 1030 373 264  

Detection 

Rate 
 36% 26%  

     

 
Detected 

Vehicles 
Matched with SR 30 

Matched with Five 

Points 
 

SR 16 1349 288 188  

Detection 

Rate 
 21% 14%  

     

 
Detected 

Vehicles 

Matched with Collins 

St. 
Matched with SR 16 

Matched with 

SR 30 

Five Points 2014 91 385 188 

Detection 

Rate 
 5% 19% 9% 

     

 
Detected 

Vehicles 

Matched with Five 

Points 
Matched with SR 26  

Collins St. 526 66 30*  

Detection 

Rate 
 13% 6%  

     

 
Detected 

Vehicles 

Matched with Collins 

St. 
Matched with SR 54  

SR 26 138* 29* 40*  

Detection 

Rate 
 21% 29%  

     

 
Detected 

Vehicles 
Matched with SR 26   

SR 54 137* 17*   

Detection 

Rate 
 12%   

 



Conclusion 
 As demonstrated by the results, Bluetooth sensors can provide satisfactory results of travel 

time measurement. However, upon manually analyzing the data, a few interesting details were 

noticed. In this analysis, last-to-last matching was used; meaning that if a sensor detected a vehicle 

more than once, the last recorded detection would be used in the travel time calculations. As the 

travel times were being calculated, it was noticed that in several situations a significant 

phenomenon kept repeating. More specifically, a vehicle would be detected at a sensor at some 

time X and would be detected at the following sensor at a much later time Y. Consequently, longer 

travel times would be produced from these situations. Despite the attempt to filter out any outliers 

in the data, some of these longer travel times were still within the error threshold and thus, were 

accounted in the calculated average travel time for each segment. When the filtering procedure was 

adjusted to eliminate Bluetooth travel times two times greater than the average GPS travel time 

(rather than three time greater), many of the average Bluetooth travel times changed considerably. 

In some cases, the average Bluetooth travel time was decreased by as much as one minute when 

compared to the previously calculated Bluetooth travel time (times that filtered out data three times 

greater than the GPS average). Further research and investigations into Bluetooth travel time data 

collection may help develop a specific methodology for determining “ground truth” data. In Table 

6, the match rate for each day of data collection is displayed. During data processing, it was noticed 

that some sensors matched more vehicles than the other sensors.  
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