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1. OVERVIEW 

1.1. Background 

In 2023, the Whatcom Council of Governments (WCOG) was awarded funding to complete the Cascade 

Gateway Advanced Border Information System (ABIS) Stage 1 Design Project. Funding was provided through 

the U.S. Department of Transportationôs (USDOT) Strengthening Mobility and Revolutionizing 

Transportation (SMART) Grants Program to meet its goal of using new technologies and approaches to target 

real-world challenges and create benefits. 

This project has evaluated technologies to replace and improve aging wait time systems at the Cascade 

Gateway system of border crossings between the Lower Mainland of British Columbia and Whatcom County, 

Washington State. 

On December 16, 2024, the Washington State Department of Transportation (WSDOT), as designee of 

WCOG, was awarded funding for Stage 2. In 2025, WSDOT will finalize the grant agreement with the 

SMART Grants Program team, then meet with project partners to start the development of the detailed design 

and implementation plan. 

 
Figure 1. The Cascade Gateway ABIS Project Area Overview 

  



 

 

 

High-Level Design Document  5 

Cascade Gateway Advanced Border Information System (ABIS) Design Project 

 

1.2. Introduction 

This report serves as the High-Level Design (HLD) document, which serves as a critical bridge between the 

conceptual understanding of the system and its detailed implementation.  

A high-level design sets the foundation and overall structure of a project, while a detailed design dives into the 

specifics and technicalities needed to bring the system to life. The differences between an HLD and a Detailed 

Design are as follows: 

¶ High-Level Design 

o Provides a big picture view of the system architecture and how major components work together 

(Bluetooth/Wi-Fi readers, radar detection, BWT App, interfaces to existing systems, etc.) 

o Focuses on major components, key functionalities, and stakeholder agency needs (e.g., business 

requirements) 

o Proposes broad technology solutions (i.e., using AI for automated data analysis and prediction) 

o Includes a diagram that lays out all the project components and deployment locations 

o Does not provide details of how each component will be built 

o Helps to get consensus from stakeholders 

¶ Detailed-Level Design   

o Includes an in-depth description of each component and subsystems (i.e., detailed architecture) 

o Decomposes business/functional requirements further into operational, system, agency interface 

communication requirements, and more 

o Specifies the hardware and software components needed to achieve the requirements 

o Specifies in detail how the system is implemented, configured, tested, and accepted 

o Defines the specific guidelines and specifications from partnering agencies to be followed 

o Has all the information needed to implement the solution in the field. 

Therefore, this HLD translates user needs and system requirements into a structured design that outlines the 

high-level systemôs architecture, major components, and component interactions. This document can serve as 

an architectural blueprint to define the ABISô overall structure, including the major subsystems such as 

Bluetooth/Wi-Fi Readers, Radar Detection, the Border Wait Time (BWT) Appôs roles, and the relationships 

between them. This helps in visualizing how the system will function. It will also specify key components and 

modules needed; what technologies, tools, and platforms will be needed; and how data and communication 

will flow between the components of the system. 

The HLD also addresses the ABISô scalability needs to ensure the design can handle varying levels of traffic 

and data loads with an eye on performance. It will be the foundation for the Detailed-Level Design to be 

developed in the next stage of the project. 
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2. HIGH-LEVEL DESIGN 

The cornerstone of high-level system design consists of the high-level system architecture. The following 

sections provide additional details about the high-level system architecture design.  

2.1. High-Level System Architecture 

The high-level system architecture of the ABIS serves as a blueprint that illustrates how the various hardware 

and software components of the system are interconnected and communicate to achieve the projectôs goals and 

objectives. The ABIS is envisioned as a seamless integration of various technologies designed to provide real-

time and predictive wait times to border crossers and stakeholder agencies. This system leverages field 

components such as Bluetooth/Wi-Fi reader and radar vehicle detection systems to collect data on vehicle 

movements and wait times. Additionally, a dedicated BWT App serves as an additional data source and 

disseminates this information to users, enhancing their border crossing experience and aiding in efficient 

border management. The high-level system architecture is crucial for the following reasons.  

¶ Visualization of System Components: It provides a clear and comprehensive visual representation of all 

the system components. 

¶ Communication and Coordination: The architecture diagram shows the data flow between the field 

devices, the border wait time app and the agency central systems. This data includes but is not limited to 

number of vehicles, lanes open, average processing times, and back of the queue by lane type including 

truck lanes. This information facilitates effective communication and coordination among project 

stakeholders. 

¶ Integration and Interoperability : The ABIS architecture highlights how Bluetooth/Wi-Fi readers, radar 

detection system, BWT App, HAR, DMS/VMS, and stakeholder agency systems and technologies are 

integrated to work together seamlessly. This is particularly important for ensuring that data collected from 

various sources is accurately processed and utilized. 

¶ Agency Interfaces: It outlines interfaces between the BWT system and various border stakeholder 

agencies that show how data is shared among transportation and border enforcement agencies. 

¶ Scalability and Flexibility : A well-defined architecture allows for scalability and flexibility, making it 

easier to incorporate new technologies or expand the system to additional border crossings in the future 

for at-scale deployment. 

¶ Performance and Reliability: The architecture can highlight data exchange bottlenecks that may impact 

performance and reliability. 

Security and Compliance: The architecture also addresses security measures and compliance with relevant 

regulations such as FedRamp, NIST-500, C-V2X guidelines and other applicable ITS standards for center-to-

center communication, ensuring that data is protected and the system adheres to all the legal and security 

requirements. In Figure 2, the BWT app architecture leverages Google Cloud Platform to provide users with 

real-time, accurate predictions of border wait times. It gathers data from multiple external sources, including 

Bluetooth/Wi-Fi, radar, historical data, and third-party APIs, which is then streamed to a centralized border 

data warehouse. This setup enables the system to analyze incoming information instantaneously, ensuring that 

users have access to the latest data through the app. The architecture is designed to prioritize speed and 

precision, ensuring a seamless experience for users who depend on timely updates for travel planning. 
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The technical backbone of this architecture involves components like Google Cloud Pub/Sub for message 

handling, Dataflow for stream processing, and BigQuery for structured data storage and analytics, Google 

maps for intuitive interface and Google Looker for Dashboards. Together, these tools create a highly efficient 

pipeline that processes and refines raw data into actionable insights. The architecture also supports advanced 

analytics and machine learning models, which are continuously updated with the latest data to improve 

prediction accuracy. Its design accommodates high data volumes and dynamic conditions, ensuring scalability 

and reliability for real-time operations. 

 
Figure 2. Architecture of the BWT App Leveraging Google Cloud Platform for Real-Time Data Streaming from External Sources to 

the Border Data Warehouse, Enabling Accurate BWT Predictions and Advanced Data Analysis 

 

2.2. Key Components of the ABIS System Architecture 

Figure 3 shows the key components of the ABIS at a very high level. It consists of the following sub-systems. 

A detailed architecture diagram along with the data flow between sub-systems is given in Figure 4.  



 

 

 

High-Level Design Document  8 

Cascade Gateway Advanced Border Information System (ABIS) Design Project 

 

 
Figure 3. ABIS Key Components 

 

2.2.1 Data Collection and Processing 

C-V2X (Cellular Vehicle-to-Everything): This evolving (in terms of technology maturity, infrastructure and 

standardization) technology enables communication between vehicles, infrastructure, and pedestrians. In the 

context of border wait times, C-V2X would be used to track vehicle movement, location, identify congestion 

points, and estimate wait times based on traffic density and vehicle location. The provision is made in the 

proposed ABIS architecture for incorporating this emerging technology.  

Radar Detection System: This device is used to measure the number of vehicles in the queue by lane type 

and the location of the back of the queue to develop delay algorithms. Note that radar detection is just one type 

of vehicle detection technology that could be deployed with the ABIS; as part of the detailed design, vehicle 

detection technologies will be further evaluated for technological maturity and technical 

relevance/applicability. 
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Bluetooth/Wi-Fi System: The Bluetooth/Wi-Fi system determines border wait time by identifying vehicles 

when they join the back of the queue, and reidentifying them upon arrival at the primary inspection. This is 

accomplished by reading the Media Access Control (MAC) addresses of mobile devices in the vehicles. 

GPS Processing Service: Using the BWT App downloaded on the travelersô mobile devices, this component 

processes GPS data from the vehicles to determine their location and speed.  

Centralized Communication Hub: This is the central point where data from the sources listed above is 

collected and processed. This hub can be in the form of cloud services or on an agencyôs premises. It 

aggregates information from C-V2X, radar, Bluetooth/Wi-Fi, GPS, and other subsystems to create a 

comprehensive picture of the border crossing situation. 

Cascade Gateway Border Data Warehouse: This is the existing repository of historical BWT data that has 

been archived since 2007. The historic data will also be used for prediction. The ABIS will continue to archive 

data in this data warehouse. 

2.2.2 Data Analysis and Prediction 

Generative Artificial Intelligence (AI) Application Programming Interface (API): This component utilizes 

artificial intelligence to analyze traffic patterns, historical data, and real-time information to predict wait times. 

It can identify trends, anomalies, and potential issues that may impact wait times. 

Predictive AI Models: These models use historical wait time data and real-time information to forecast future 

wait times. These self-learning models can use several techniques to avoid potential bias in the data and 

algorithms over a period of 3-6 months to reduce variance between observed and predicted wait times using 

accuracy metrics that include the following: 

¶ Mean Absolute Error (MAE): Measures the average absolute difference between predicted and actual 

wait times.    

¶ Mean Squared Error (MSE): Calculates the average squared difference between predicted and actual 

wait times.    

¶ Root Mean Squared Error (RMSE): The square root of MSE, providing a more interpretable error 

metric.    

This results in reliable and more accurately predicted travel times to help travelers plan their trips and border 

authorities manage traffic flow more effectively. 

2.2.3 Information Dissemination 

Web and App Platforms: These user-friendly interfaces provide real-time and predicted wait time 

information to travelers. It allows users of the web and the mobile app to access data, plan their trips, and get 

notifications about wait times. The app will provide real time information while en route, if conditions change. 

Existing Traveler Information Systems: This includes existing variable message signs, highway advisory 

radio, websites, etc. The ABIS will integrate with these existing systems to provide travelers with wait time 

information. 

BWT App : The dedicated BWT App provides the public-facing user interface to the system. Users can use the 

app to see real-time wait times, plan trips in the future, and receive navigational assistance. 
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2.2.4 System Architecture 

Figure 4 shows the overall architecture of the ABIS system with its various components, field devices, and 

agency interfaces. 

Table 1 provides the data flow between different architecture components and stakeholder agenciesô traffic 

management centers. 

Table 1. Data Content and Flow between Architecture Components and Stakeholder Agencies 

Component Type of Data Receiving Component 
Communication 

Method 

Field Components 

(Bluetooth/Wi-Fi 

Readers, Radar 

Detection System) 

Vehicle identification 

based on MAC address 

of devices inside the 

vehicle. 

BWT Server TCP/IP (TLS) 

Back of queue when in 

the radar detection range 

and vehicle count. 

BWT Server TCP/IP (TLS) 

C-V2X 

(Centralized 

Communication Hub) 

C-V2X Vehicle 

identification   
BWT Server TCP/IP (TLS) 

Border Crossing 

Component 

(Controllers, Servers, AI 

Processing) 

Wait time information 

BWT Database HTTPS/SOAP/REST 

Existing Traveler 

Information Systems 

(e.g., HAR, DMS/VMS, 

etc.) 

TCP/IP (TLS) 

Web Platform 

Component 

(Databases, Web Server, 

Web Portal) 

Wait time information/ 

status/historical data 

Web Platform HTTPS/SOAP/REST 

BWT Database HTTPS/SOAP/REST 

Web Service API 

Component 

Wait time information/ 

status/historical data 

Stakeholder Agencies HTTPS/SOAP/REST 

BWT App HTTPS/SOAP/REST 

External Services 

Wait time information/ 

status/historical data/ trip 

information/traffic 

information 

External Services HTTPS/SOAP/REST 
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Figure 4. ABIS Functional Architecture Data Flow Diagram 
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2.2.5 Benefits  

The benefits that the ABIS provides include: 

¶ More reliable and accurate BWT for travelers and agencies  

¶ Reduced wait times at the border 

¶ Improved travel planning 

¶ Increased convenience and efficiency 

¶ Predictive and What-if scenario analysis for agencies 

¶ More optimal use of resources 

¶ More efficient and effective operation of ports of entry 

 
Figure 5. Conceptual Bluetooth/Wi-Fi and Radar Subsystems Architecture 

  














































































