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1. Introduction 
 
Glasgow City Council’s Quality Bus Corridor (QBC) project aims to provide high quality bus 
services on a number of key routes into and out of the city. As part of the QBC initiative, the 
Bus Information and Signalling (BIAS) project is designed to address the management and 
control of the road network along these bus corridors using the latest ITS technology. 
Techniques include providing public transport priority at traffic signals, maintaining headway 
and schedule adherence and providing accurate traveller and bus operator information. 
 
Mott MacDonald holds a key role in the BIAS project, providing the main control room 
operator’s interface and the integration between the various sub-systems. The integration is 
based around our Common Data Management Facility (CDMF), which provides a central data 
repository and allows data sharing between sub-systems. This paper describes aspects of 
BIAS and CDMF that are fundamental to the provision of the truly integrated system 
necessary to achieve the key project objectives. In particular, it demonstrates the value of an 
integrated approach when considering the issue of safety in the network. 
 

2. System Overview 
 

 
Figure 1: Logical view of the BIAS system 

 
The BIAS system consists of a number of sub-systems, as shown in Figure 1. The Vehicle 
Actuated Traffic Control (VATC) system provides SCOOT adaptive traffic control of 
strategic junctions throughout the QBC network. The VATC also responds to vehicle pre-



emption requests and alters signal timing accordingly. The VATC GUI provides operators 
with a real-time view of the system and the road network.  
 
The Automatic Vehicle Location (AVL) system equips buses with on-board units (OBUs) 
allowing their tracking. If a bus is running behind schedule it can request priority at traffic 
lights (via the VATC system). The RTPI aspect of the system provides passengers with 
accurate, real-time information regarding bus arrival times. This takes the form of Intelligent 
Sign Units (ISUs) deployed at bus stops. 
 
Two existing GCC systems must be integrated. CITRAC is the existing UTC system. It is a 
fixed-time system, utilising a library of pre-prepared plans. These plans are activated 
according to a timetable to provide appropriate signal timings throughout the day. Operators 
use a map-based GUI to interact with CITRAC, allowing current status and alarms to be 
viewed, as well as providing a means of administering the system. CITRAC controlled 
junctions will gradually be migrated to VATC control, therefore there is a requirement to 
provide integrated control of both systems. Finally, the Green Wave system provides 
Strathclyde Fire Brigade with a means of requesting vehicle priority on a number of fixed 
routes. This functionality must be preserved during the process of migration from CITRAC to 
VATC. 
 
The Integrated Management Facility (IMF), developed by Mott MacDonald, is at the centre of 
the BIAS system. It provides a UTMC compliant common database, the Common 
Information Base (CIB) allowing data sharing and communication between connected 
systems. This data sharing is accomplished by a number of adapters, one each for the AVL, 
CITRAC and VATC systems. The adapters encapsulate the transformation of data from the 
native system to the CIB and back again. Data received from these systems includes: 

·  equipment status updates 
·  faults and alerts 
·  congestion and flow information 
·  public transport priority requests 

 
A further three sub-systems developed by Mott MacDonald are tightly coupled to the CIB. 
The Fault Management system allows the administration of faults and assets. The 
Performance Evaluation sub-system will provide complex reporting and performance 
indicator monitoring. The Strategy Integrator system will use data in the CIB, such as 
congestion and incident information, along with rule sets to propose pre-prepared responses to 
problems on the road network. These responses will be able to influence BIAS sub-systems to 
help resolve these problems in a timely manner, increasing network efficiency and safety. The 
Performance Evaluation and Strategy Integrator sub-systems will be delivered in a future 
phase of the project and are not discussed in detail here.  
 
Finally, the Common GUI (CGUI) provides GCC control room operators with a high-level 
overview of all BIAS sub-systems, based on data shared via the CIB, as well as providing 
access to lower-level functionality via the relevant native GUI. It is this single common view 
of all sub-systems which allows operators to manage the network efficiently. 
 

3. The Common GUI 
 
Each operator workstation consists of a PC and dual screen monitor. Workstations are 
connected to the various servers via a dedicated LAN, with firewalled access to the GCC 
corporate LAN. Through the CGUI the operator has access to the native VATC and CITRAC 
GUIs from this workstation, as well as standard productivity applications such as Microsoft 
Office. 



 
The CGUI map displays a geographic view of Glasgow with relevant equipment denoted on 
the map by icons. Equipment plotted includes traffic signal controllers, CCTV cameras, 
enforcement cameras and car park guidance components. Equipment is colour coded 
according to its status – online (green), offline (grey), faulty (red) and unknown (blue). The 
status is garnered from the relevant controlling system - the corresponding UTMC adapter 
inserts equipment status updates into the CIB. From there they are propagated to the CGUI. 
This allows an operator to determine the state of all equipment from a single interface. There 
is no need to continually monitor the native GUIs for each subsystem. If a problem is seen 
from the CGUI, the operator can select the piece of equipment and invoke a menu item to 
switch to the appropriate native GUI. A future development will add SCOOT detector 
locations and allow the monitoring of traffic flow information from the CGUI. 
 
 

 
Figure 2: High level view of Glasgow from the CGUI 

 
Figure 2 shows the CGUI with the map zoomed to an overview of the Glasgow area. Only 
major roads and faulty equipment are plotted at this scale, to avoid cluttering the display. It is 
therefore easy to gain an appreciation of the overall state of the network. As the map is 
zoomed, minor roads and the remaining equipment is shown. The top left of the GUI displays 
an overview map showing the position of the current view within the boundaries of the map. 
 
Selecting a piece of equipment displays basic details of that equipment on the left hand side. 
Double-clicking on the equipment opens a new dialog containing more information. The 
content of the dialog varies according to the type of equipment being inspected. Figure 3 
shows equipment details for a traffic signal controller. 
 



 
Figure 3: Equipment details dialog 

 
Figure 4 shows a zoomed in view on the CGUI. At this level kerb line detail can be seen in 
addition to road links. Also being investigated is the layering of paint line data at this level 
and below to provide operators with the full details of junction layouts. 
 
 

 
Figure 4: Low level view from CGUI 

 
 



Event monitoring facilities are also available from the CGUI, allowing the operator to manage 
occurrences such as accidents and congestion. Active management can lessen the probability 
of knock-on events occurring as a consequence. Events can be entered manually, or may be 
generated automatically by BIAS sub-systems. For example, the VATC will send INGRID 
congestion incidents. An event has a type and an expected duration. An event is usually 
geographically located, but may be created as “unlocated”  when a location is not relevant. All 
events are also listed in a text-only tab. 
 

4. Fault Management 
 
The Fault Management (FM) sub-system of BIAS is replacing FRAS, GCC’s existing fault 
management system. The new FM system replicates the management process enforced by 
FRAS but adds a number of significant enhancements: 

·  streamlined management of faults 
·  maintenance contractor administration 
·  asset management 

 
The system is designed to allow administration of faults and from all BIAS subsystems. 
Faults may be entered in several ways. Manually, an operator may select a piece of equipment 
in the CGUI map (Figure 4) and raise a fault on that equipment. Alternatively, a new fault 
may be created and the equipment selected from a textual list (this is important for equipment 
that is not located on the map, such as communication lines). Faults can also be automatically 
accepted from the AVL, VATC and CITRAC systems. These faults are inserted in the CIB by 
the relevant adapter, at which point the FM system begins managing them and enforcing the 
fault lifecycle. 
 
When a fault is created, a set of rules are used to determine the maintenance contractor who 
will be assigned the fault, based on the equipment and fault type. Faults can be automatically 
sent to the assigned maintenance contractor by a number of methods, depending on the fault 
urgency and whether the fault occurs within working hours. The contractor may have a 
terminal connected to the FM system, or may receive faults by fax or email. This automatic 
acceptance and forwarding of faults will speed fault resolution, reducing the risk of accidents 
due to faulty signals, thereby improving safety on the network. 
 
In addition to the map-based interface, there is also a text-based interface to the fault 
management system.  Several tabs are used to present lists of faults. These include faults 
raised today, faults assigned (and not cleared), cleared faults and overdue faults. The operator 
can use this to quickly identify faults that remain outstanding and to pursue their resolution 
with the maintenance contractor. 
 
The dialog in Figure 5 shows the detailed contents of a fault. This includes the status of the 
fault (faults follow a defined lifecycle), an overview of the equipment on which the fault is 
raised, and the full details of the fault, including a fault code, severity and description. 
Contractor assignment information is also presented and there are fields to record if the fault 
is passed to a third party for repair. The bottom of the dialog contains any clearances 
associated with the fault. A temporary clearance indicates that the issue has been solved by 
interim measures but will require further work to fully repair, while a full clearance indicates 
the problem has been completely resolved. When a maintenance contractor enters a clearance 
GCC operators have the opportunity to accept or reject the clearance, depending on whether 
the fault has been resolved to their satisfaction.  



 
Figure 5: The View Fault dialog 

 
Future work will investigate the automatic transfer of faults collected during routine 
inspections using handheld terminals. This bulk upload mechanism will increase the speed at 
which faults are passed to the contractor, and reduce the errors inherent in manually re-
entering these faults. 
 
The asset management aspect is closely integrated with the fault management system. All 
BIAS equipment is held in the CIB. A single piece of primary equipment is associated with a 
single location. Each piece of primary equipment has an associated set of secondary 
equipment (as shown at the bottom of the equipment dialog in Figure 3). Operators will be 
able to modify the equipment associated with each location. A history of change will be kept 
to allow the inventory at a particular point in time to be retrieved. 
 
The system will provide scheduling and monitoring of periodic equipment inspections, 
leading to increased equipment reliability and helping to avoid problems that could put the 
network at risk. 
 
In the case of alerts, the CGUI will provide a single means of monitoring the state of all 
subsystems via an alert management interface similar to fault management. Alerts will 
include information regarding the state of the systems themselves, such as low disk space or 
connectivity failures. Operators will be able to turn an alert into a fault and assign it to the 
correct maintenance contractor. Again, this will improve the speed of fault resolution, 
reducing system downtime. 
 
Accurate and meaningful reports are an essential mechanism to ensure key performance 
indicators are being met. The BIAS solution is based on the Crystal Reports suite of 
applications. Reports are generated using a report designer client and then placed on the 
server. Reports can then be accessed from a web browser, allowing them to be made available 
to any user on the BIAS LAN without the need to install specific client software. The reports 
are constructed to query directly on the data held in the CIB. In this way, when the report is 



generated it transparently uses the most recent data available. No separate extraction step is 
required. A number of pre-defined reports have been designed which generate KPIs of fault 
clearances. GCC can use these to monitor the performance of maintenance contractors. Mean 
Time Between Failure and Mean Time to Repair metrics are also produced, allowing 
problematic equipment to be identified and appropriate action taken sooner than may 
otherwise occur. 
 

5. Emergency Services Green Waves 
 
The CITRAC system currently provides Strathclyde Fire Brigade with a Green Wave facility, 
implemented as a sequence of timed stage calls over a defined route, based on the estimated 
time for the appliance to traverse the route. This system provides the Fire Brigade with a 
means to reduce journey times to incidents. As CITRAC junctions are gradually brought 
under VATC control, it is imperative that an integrated Green Wave facility is maintained, 
particularly where routes cross both VATC and CITRAC control, to ensure safe passage of 
appliances through the city. The IMF provides the mechanism through which this is achieved. 
In addition to its duties extracting fault and alert information, the CITRAC adapter intercepts 
Green Wave requests and duplicates them to the IMF, where they are inserted in the CIB. The 
VATC adapter subscribes to these requests and actions them by running the corresponding 
route. 
 

6. The Future 
 
The facilities described in this paper are, in the main, those which will form the BIAS Basic 
System. An Enhanced System will subsequently be delivered, tackling some of the more 
complex system interactions. In particular, the Performance Evaluation and Strategy 
Integrator sub-systems are key aspects of the Enhanced System.  
 
Integration with the National Driver Information and Control System (NADICS) is also 
planned for the future. This would allow the exchange of information between both systems, 
allowing incidents at the national level to influence BIAS and vice versa. A public web site 
displaying travel information is also under consideration. 


