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Overview 

Since autumn 2011 Vancouver International Airport has been using the Bluetooth signals from 
passengers’ mobile phones to measure passenger processing and flow times throughout the airport. The 
system uses more than 100 readers strategically located to collect information on a passenger’s 
complete airport experience. Vancouver International Airport is provided with detailed reports on: 

x The queue and processing time for check-in, pre-board screening, and border security. 
x Comparative wait time for baggage delivery. 
x The connection times for all combinations of domestic to international connections. 
x Analysis of retail shopping behaviours. 

The program includes real-time volume and wait-time reporting as well as more comprehensive monthly 
and quarterly reports for 26 individual processes, 18 process groups, and 13 pathways (or passenger 
types). Process types measured include check-in, pre-board screening, outbound U.S. customs pre-
clearance, Canadian border control, transfer facilities, and baggage delivery. A detailed process would 
include a single definable process location such as one pre-board screening area. A process group would 
include aggregate areas within a terminal, such as all International check-in counters. A pathway 
measures the full airport visit, such as an International arrival or a connection from International to 
Domestic. Additionally, the program reports visit times and share of passengers shopping at four duty-
free stores in the international terminals. 

Vancouver International Airport hired airport consultants InterVISTAS and process measurement 
specialists AtSence to design, implement, and operate the Bluetooth based passenger flow 
measurement system. 

Measurement Mechanism 

The Vancouver Bluetooth passenger flow system relies on the unique MAC address of each Bluetooth 
device and the strength of the signal recorded from the device. Based on the signal strength, the 
approximate location from any given reader can be estimated. As passengers pass by the readers, their 
pathway through the airport can then be interpolated. 
 
Readers have been positioned at the start and end of each queue and process. The passenger is 
recorded as entering a process when the signal strength from their device exceeds the set threshold 
level at the entrance location, and recorded as exiting the process when the signal strength falls below 
the threshold at the exit location. For example, a number of readers span the entrances to the domestic 
check-in area, while a separate set of readers are located at the exits. Similarly, a reader is used to 
monitor the start of the pre-boards screening queue, while separate readers measure Bluetooth devices 
exiting the screening area.  
 
In a number of locations where a higher degree of granularity is required, the Bluetooth readers are 
equipped with directional antennas to narrow the range of measurement. Bluetooth and WiFi signals 
are not limited to a single plane, and neither are larger airports confined to only one floor.  Directional 
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antennas provide a means to differentiate traffic between floors where readers have to be closely 
located, or to measure precise locations such as the entrance to retail stores.  From there, further 
calibrations, process definitions, and business rules are established to refine and provide better 
accuracy, granularity, and reliability in the data.  The next two sections outline these further steps.  
 
Calibration 

An essential step in the implementation of the network was the calibration of each of the reader 
locations. The calibration required a detailed measure of the signal strength of a number of known 
devices at specified distances from the reader in both stationary and ambulatory scenarios. Based on 
the observed readings, InterVISTAS then calculated the signal strength threshold that most 
appropriately determined when a passenger was within the desired range of the device.  
 
The threshold had to consider the potential for false positive readings (a device emitting a signal above 
the threshold while being beyond the desired distance from the reader) or false negatives (a device 
within range of the reader but with signal strength below the specified threshold). The acceptable false 
positive and negative ratios had to be established based on the parameters of the process and the risk 
associated with error.  
 
To illustrate the point, consider again the case of check-in versus pre-board screening. For the purpose 
of the example, let us consider that check-in queues start 10 metres from the check-in counters. As 
passengers enter the check-in area, it makes little difference whether they are recorded as entering the 
process at 12 metres or 10 metres from the check-in counters. The time to walk the additional two 
metres is small versus the overall queue time. As such, the impact of a false positive reading is small and 
the calibration thresholds are set to ensure the largest sample. The situation at pre-board screening is, 
however, more complex as there are retail stores and a restaurant close to the start of the queue. Too 
low a threshold would include shoppers and diners, resulting in an incorrect and extended 
measurement of the queue time.  For these locations, more restrictive threshold levels were set to 
reduce the risk of including non-passengers, but resulting in a smaller sample of true passengers.   
 
Process Definition 

Collecting information on how long a passenger stays in a given location is not, however, sufficient to 
measure passenger process times or their pathway through the airport. There are many factors that 
have to be considered to translate location data in processes. Effective reporting requires: 
 

x Definition of the rules to filter passengers from other airport visitor types such as employees, 
transient workers, meeters and greeters, and well-wishers. During 2013, only slightly more than 
400,000 visits were defined as passengers out of more than 4,000,000 identified Bluetooth 
visits. 

x Selection of the location visit that best represents the passenger’s movement through a specific 
process. In some cases, there is a one-to-one relationship between the location visit and the 
associated process (i.e., Customs and Immigration), but this is not necessarily true for all 
processes. For example, a passenger may enter and pass through the check-in area, go to the 
coffee shop or ATM, and then return to check-in for their journey. 

x Definition of the start and end measurements for a process. Depending on the location of the 
reader, the type of process and the anticipated passenger behaviour, the critical start or end 
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time could be based on the first or last time the device was recorded above the specified 
threshold, or the time when the signal reached its maximum strength. 

x Definition of the sequence of processes that defined a specific passenger type and pathway. 
 

InterVISTAS and AtSence worked with the airport to develop the rules used to address each of the above 
requirements. Common sense rules such as number of visits in a period, length of time within range of a 
single location, or overall visit length provided a first step in filtering out non-passengers. Additionally, 
rules were defined to eliminate pathways that would not be possible for a regular passenger. A visitor 
who may be picked up moving the wrong way through customs and immigration, for example, would be 
considered a non-passenger. 
 
Specific rules were built to define the start and end times of each process and considered the passenger 
behaviour associated with the process. Recognizing that passengers may visit the check-in area more 
than once before proceeding through security, an International check-in visit is defined as the longest 
single period of time a passenger is in range of any of the readers measuring the check-in area. 
International pre-board screening is extremely complex as retail stores line the queuing area and cannot 
be specifically isolated. This process requires analysis of the process and queue time distribution during 
every 15 minute interval with a heuristic to remove those process visits that most likely include a store 
visit. Similar complexities exist for every one of the unique processes tracked and reported. Additionally, 
rules had to be developed to define each pathway and sub-pathway based on the sequence of processes 
visited by the passenger. The rules include locations that must be visited or not visited and the order in 
which they must occur.  
 
AtSence has developed a process editor to facilitate the definition of the rules used to identify and 
measure each unique process, process group, and pathway visit.  InterVISTAS and AtSence are able to 
use the process editor to dynamically reconfigure the system in response to terminal renovations or the 
measurement of new processes.  
 
Results 

The system has been successful in providing the airport with the information it needs to monitor the 
passengers’ experience and ensure the airport is achieving its standards for customer service and 
connection efficiency.  The system has enabled effective reporting of the following information: 
 

x Median, mean, and percentile process time distributions for each process, process group, and 
pathway with the monthly trending necessary to highlight progressive improvement or 
degradation in service at each metric. 

x Individual tracking of 80th percentile performance by hour-of-day and day-of-week versus the 
target for each process and highlighting of specific ‘hotspot’ locations and/or periods that need 
to be addressed. 

x Peak three-hour performance based on passenger volumes for each of the major passenger 
types. 

x Monthly check-in and baggage delivery performance by individual carriers with median, 
average, and 80th percentile results. 

x Detailed store visit information including number of visits per passenger, share of passengers 
shopping, average visit length, and total shopping time.  
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The share of passengers sampled using Bluetooth measurement has been declining from an initial 4.5% 
to an average of 1.5% for the first eight months of 2014. The decline, which shows some signs of 
stabilizing, is largely due to the rollout of new Apple and Android operating systems which turn off 
Bluetooth discoverability after a set period of time. Current Bluetooth sample volumes are still sufficient 
to enable statistically valid reporting for the majority of processes. With more than 500,000 departing or 
arriving passengers per month and a similar number of connecting passengers, a 1.5% sample still 
equates to 7,500 measured visitors – more than sufficient for meaningful reporting. The table in Figure 1 
reports the statistical accuracy of the 80th percentile process times for the major pathways.  Note that 
measurements for arrival and departure process are accurate  to one minute or less.  Connection time 
accuracies vary between slightly over one minute to close to three minutes, with the longest times 
associated with the longest connection processes and those processes where passenger are less likely to 
have Bluetooth activated. 
 
 Figure 1 – Statistical Accuracy 

Statistical Accuracy of the 80th Percentile Process and Queue Time 
August 2014 

Pathway 95% Confidence Interval 
  (Seconds) 

Domestic Arrivals ± 18 

International Arrivals ± 46 

Transborder Arrivals ± 34 

Domestic Departures ± 15 

International Departures ± 35 

Transborder Departures ± 34 

Domestic to International ± 72 

Domestic to Transborder ± 63 

International to Transborder ± 90 

International to Domestic ± 104 

Transborder to Domestic ± 175 

 
Bluetooth measurement volume, however, is proving insufficient for lower volume processes such as 
International-to-International connections, and for real-time reporting where the number of sampled 
passengers in any time interval does not facilitate meaningful measurement. 
 
Transition to WiFi 

To understand whether a transition to sampling based on WiFi signals would increase the sample size 
and system effectiveness, the airport ran a small parallel test of WiFi effectiveness by placing a number 
of WiFi readers side by side with existing Bluetooth readers. The results of that study suggest: 
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x WiFi sampling will increase the sample ratio four fold, from 1.5% to 6%. The number of devices 
recognized using the Bluetooth readers varied between 20% and 30% of the number of devices 
recognized by the co-located WiFi readers.  

x WiFi scanning frequency is not materially different from the scanning frequency of the 
Bluetooth readers. Bluetooth readers record a device’s signal strength every 28 seconds on 
average, compared to every 32 seconds for WiFi. The greatest variation in scanning frequency 
was observed in locations where passengers move slowly, but in these locations frequent 
scanning is less important.  In areas where passengers pass quickly, the scanning frequency was 
actually better with WiFi than with Bluetooth. 

x WiFi signal strength varies consistently with distance from the reader and can therefore be used 
to estimate the passenger’s location. The study regressed the WiFi signal strength as a function 
of the Bluetooth signal strength for each of the reader locations. The analysis results showed a 
near perfect correlation between the two measurement systems. 

x Directional antennas function as effectively with WiFi measurement as they do with Bluetooth. 
Evaluation of the results for the location with a directional antenna on both the Bluetooth and 
WiFi scanners showed no variation in the sample patterns versus those locations without a 
directional antenna. 

 
Based on the results of the prototype and other analysis the airport has conducted on the advantages of 
WiFi sampling, the airport is considering transitioning from Bluetooth to WiFi during 2015. The transition 
would be expected to improve the quality of reporting for low-volume processes and potentially enable 
more effective real-time process measurement. 
 
Conclusions 
 
The use of Bluetooth signal strength as a means to measure passenger process times, identify problem 
areas, and set performance benchmarks has proven successful for Vancouver International Airport. 
However, the system has not fully lived up to expectations in regards to real-time monitoring and it is at 
risk of becoming obsolete if the Bluetooth sample share further declines. 
 
Fortunately, WiFi signal strength is proving to be an effective measurement vehicle with penetration 
rates on the increase.  The capacity to use WiFi as the basis for measuring passenger flow suggests this 
type of process monitoring will remain effective for a considerable period into the future. 
 
 
 
 

 
 
 
 
 
 

                                            


