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Abstract

:

In many developing cities, the improvement of transport infrastructure is usually accompanied by major road construction and maintenance. This paper presents approaches and opportunities using peer-to-peer updating to improve spatial road networks undergoing construction and maintenance, which in turn will improve traffic flow and benefit cities overall. In many cities, the spatial road network requires maintenance, and these works often require traffic detours. With the current GPS (Global Positioning System) services, there is a noticeable delay in the updating of many spatial road networks. Thus, when a driver plans a trip to a certain location (such as Starbucks), his/her usual route may have changed, but the spatial road network in the GPS has not been updated. This can affect the user in many ways. For example, a trip that usually takes five minutes might now take half an hour, taking into account the additional time required to find alternative roads and possibly encountering more unexpected road closures, until the driver reaches his/her destination. This paper addresses this issue by proposing solutions that offer several advantages including a new peer-to-peer updating mechanism that helps to direct the driver to another route when road changes occur. Moreover, the peer-to-peer updating mechanism can enable the independent monitoring of road conditions and the updating of maps for newly-constructed roads, as well as the analysis of road congestions, traffic density, and people movements at certain times. Note that this work focuses on the conceptual ideas and approaches intended to improve independent maps, and the detailed algorithms have been left for future work.
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1. Introduction


Mobile GPS is becoming widely available and is connected to publicly accessible maps (e.g., Here Maps and Google Maps) [1,2]. Moreover, the direction and route planning feature that shows the route from the start point to the destination point is now one of the most popular navigation applications [3,4]. These systems allow one to search for a certain object of interest such as a supermarket or gas station. Figure 1 shows an example of spatial objects (gas stations) in Google Maps.



With the development of new spatial databases, a large number of spatial queries, which are significantly important in many industrial areas, have been proposed and studied comprehensively over the last few years [5,6]. These queries have a variety of purposes and concepts. Examples include join, K Nearest Neighbor (kNN), point, range, spatiotemporal range, Reverse Nearest Neighbor (RNN), and within-distance queries [7,8]. Examples are shown in Figure 2. These queries can be performed in different space structures. The most common structures of spatial data are: Euclidean space, spatial road network, and cellular space [2]. In Euclidean space, the distance between objects   O 1   and   O 6   is the direct (straight line) distance between them. In Euclidean space, all the queries use Euclidean space measurement. For example, a range query performed in Euclidean space could retrieve spatial objects within a 5 km radius. In this example, Euclidean space measurement is used to determine the distance from the query point to the points of interest for a radius of up to 5 km. Figure 3a shows a Euclidean space measurement query where X wants to retrieve the Euclidean distance between its location and the object Y. Cellular space is a representation of locations by sets of cells that include spatial objects (see Figure 3c). The main difference between cellular space and Euclidean space or spatial road networks is the geometric representation of the spatial property [9,10].



The spatial road network is the other space structure that can be considered for spatial objects that are either static or moving [11]. In a spatial road network, the distance between   O 1   and   O 2   is the network distance (or shortest road) between them where   O 1   and   O 2   are the moving objects located on a road. In this space, the queries will be considered from the perspective of the road network measurement [1,11]. For example, a 3NN query is performed on a spatial road network to retrieve the two spatial objects nearest to   q 1  . In this example, the shortest distance measurement is used to return the results. Figure 3b shows a spatial road network, where X wants to retrieve the shortest path between its position and the moving object C. This space structure is the main focus of this research.



This paper discusses the advantages and opportunities of a peer-to-peer updating mechanism for a spatial road network. In many cities, the spatial road network has not undergone regular maintenance; hence, drivers may be forced to take different routes because of current maintenance works. Thus, when a driver plans a trip to a certain location, his/her usual route may be disrupted, requiring him/her to take a detour, since the spatial road network on the GPS has not been updated. This will require the user to look for other roads that will lead to his/her destination. However, this might mean that a trip that usually takes a few minutes might now take half an hour. For instance, in Riyadh, Saudi Arabia, these issues arise frequently due to the construction of railway lines. For example, when a user wants to reach a certain location, he/she may be surprised to find that the usual road he/she takes is closed and he/she must take another road in order to reach his/her destination. Therefore, this work examines the advantages of having a peer-to-peer updating mechanism that can help a driver to take the best route when faced with altered road conditions. A system that can independently monitor the road conditions, update maps for newly-constructed roads, and analyze road congestions, traffic density, and people movements during a certain time will help to ensure a better traffic network and improve road traffic management. Moreover, the system can be enhanced with applications that can monitor driver behavior and reactions when using a specific section of road in a particular area.



Note that this paper focuses on the conceptual ideas and the opportunities of using a peer-to-peer updating mechanism with IoT technologies that enable the independent monitoring of spatial roads. The detailed algorithms and results will be included in future works.




2. Literature Review


2.1. Traffic Monitoring


With the development of urbanization, the level of construction in cities has been enhanced. Simultaneously, developing cities’ traffic congestion and traffic noise affect the quality of life of urban residents in a negative way. Thus, it is essential from both the social and economic perspectives to take the corresponding procedures to improve traffic congestion and guarantee smooth urban traffic [12].



Many researchers have focused on understanding traffic jam monitoring and traffic congestion [12,13]. In [13], an intelligent urban traffic monitoring system was proposed, which was responsible for tracking the condition of traffic congestion and taking active measures to deal with this condition. The system focused on Spark technology, supporting distributed computing. Another research work focused on estimating the local congestion state, by using real values to denote the congestion level and continuous updating over time [14]. It is clear that traffic congestion research has focused on the issues of traffic congestion and its monitoring for drivers, without focusing on the impact of the road updating and road maintenance, which is the main aim in this research. Next, a variety of approaches for routing in a spatial road network will be explained.




2.2. Routing in a Spatial Road Network


The spatial road network concept has been the focus of many previous studies [6,15,16,17,18]. This section reviews the works that have used the notion of a spatial road network to determine the shortest path between two given locations. This is essential to illustrate the importance of spatial road network updating in routing.



The Dijkstra algorithm was the earliest algorithm used to obtain the shortest path between two points or nodes. This algorithm was proposed by Edsger Dijkstra in 1959 [19]. The basic idea behind this algorithm is to search a graph to find the shortest path between any nodes on the graph, taking into consideration the given weight of each edge. In this algorithm, when the starting node is determined, the algorithm can find the shortest path between the node and every other node in the graph. This algorithm is commonly used in routing and in spatial query processing [19]. To calculate the shortest network distance in spatial query processing, the Dijkstra algorithm is slightly modified to accommodate changes in the processing of spatial queries [20]. In a spatial road network, the basic aspect is the network distance between two spatial objects, where the network distance is the shortest between two points. Thus, the focus here is on identifying the shortest network distance between two given spatial objects [20,21,22].



Because the Dijkstra algorithm can be used to determine the shortest distance between two given nodes, this algorithm is useful for spatial query processing [2,23]. However, here, the object of interest is located within the lines (or road) and not on the node, as in the Dijkstra algorithm. This is the main difference. Hence, the Dijkstra algorithm has been modified to address this situation. Furthermore, since our focus here is only on the shortest distance between two objects on the road (path), the modified Dijkstra algorithm will be the input for the locations of two spatial objects [20]. This is known as the shortest network distance. An example of the shortest network distance is shown in Figure 4a. Suppose there are two spatial objects,   g 3   and   g 5  , where   g 3   is located on the road between nodes   N 3   and   N 1  , whereas   g 5   is located between   N 4   and   N 8  . The shortest network distance process, in this instance, will find the shortest distance between   g 3   and   g 5  .



On the other hand, the Incremental k Nearest Neighbor (IkNN) approach gives a set of candidate spatial objects in order to obtain the shortest path [24]. The IkNN method starts at the query point and goes through k objects of interest, such as finding the shortest path to two gas stations from   q 1  . In this case, it is an ordinary kNN since the result is the shortest path to the spatial objects of interest, one after the other. Note that IkNN uses network expansion as an Incremental Network Expansion (INE) [24,25]. In IkNN, the basic idea of the network expansion method is to record all expansion branches until a road is found that is full of the targeted spatial objects. Here, the road is set as the boundary. The expansion continues if there is a road shorter than the boundary; the path can be shrunkuntil all potential branches are expanded beyond the boundary. Note that IkNN focuses only on a single type of spatial point of interest (objects) (see Figure 4b).



In addition, a Route Search over Fixed Locations (known as RFix) can find the most efficient route to fixed locations predetermined by the user [26,27]. Here, the focus is on searching a route over a number of various locations. In this case, the searching is based on locations predetermined by the user, such as the SABB Bank on the Northern Ring Branch Rd and the   Z X   pharmacy on King Fahd Rd, Al Malqa, Riyadh 13521. Note that in this case, a specific bank (SABB) is named rather than a bank in general. Similarly, the   Z X   pharmacy is sought, not just any pharmacy. Moreover, the exact location is given: Northern Ring Branch Rd, at Taawun, Riyadh 12477.




2.3. Trajectories in the Updating Road Network


In addition, Reference [28] proposed an automatic approach to detect and update any new roads added to the current road network. However, their focus was only on the low-quality GPS trajectory data, which were compared with remote sensing images and high-quality GPS data collected by professional survey vehicles. GPS trajectory data collected by public vehicles are relatively inexpensive and can be acquired in real-time with comprehensive coverage. Basically, in order to find additional new roads in the road network, they used vehicle trajectories that do not match the original road network [29]. Therefore, based on the point-to-segment matching, any unmatched sampling points will be the new roads that have been added to the original road network. Figure 5 shows how new roads are indicated, which are   p 1  ,   p 2  ,   p 3  ,   p 4  ,   p 5  , and   p 6  .



On the other hand, Reference [30] focused on the quality of both maps and trajectories by introducing an iteration-based map-trajectory co-optimization algorithm. Basically, in order to achieve the co-optimization process intended to enhance simultaneously the quality of map updating and map matching, they introduced quality measures to quantify the map matching quality and the map quality. Here, the main goal is to maximize the quality score. Furthermore, they established a confidence score and an influence score in order to measure the accuracy of each new road indicated by any map update. Note that the confidence score assesses the confidence in inferring any new road, and the influence score assesses its contribution to the improvement of map matching results. In [30], a map matching algorithm and the concept of matching certainty were used to better evaluate the road influence. Figure 6 gives an example of unmatched trajectories found using this approach.



Furthermore, common map services such as Google Maps, HERE, and others usually use several diverse sources of data to create initial maps and then base the updates on vehicles (annotators and volunteers) to detect and update the current road imperfections [31,32]. However, this process usually results in a very slow response in correcting the maps when any change in the road network occurs. In many countries around the world, especially the developing nations, major cities are always under construction, which tends to produce significant latency and misleading data in regard to these cities. Some works use OpenStreetMap in order to obtain updates on road-related problems [31,33]. For example, Map Fusion [31] is an application that automatically merges two maps. One of the maps is a slowly-updated map such as OpenStreetMap (OSM), whereas the other map is an automatically inferred map with incomplete coverage and an imperfect topological structure.





3. Gap Analysis


As mentioned, most of the studies conducted on spatial road network query processing assumed that the spatial road network has been updated correctly and promptly. Moreover, most works attempted to improve various aspects of spatial road networks in order to assist road users to reach their destinations. Others focused on updating the maintenance works being carried out on road networks by applying the user trajectories. However, a major issue arises especially when the server is not updated promptly. Furthermore, for reasons such as maintenance works, a spatial road network may require the driver to take one or more detours. Thus, this study presents a peer-to-peer updating mechanisms and ideas to update outdoor road networks by incorporating IoT technologies such as road quality monitoring and automatic emergency beacons.



What might be the consequences of incorrect routing in the road network? Below, we examine these issues, which are common occurrences in Riyadh, Saudi Arabia.



In Riyadh, the capital city of Saudi Arabia (see Figure 7a), the metro constructions began officially in April 2014 and were intended to cover all major areas of the capital to provide a variety of transportation modes to the residents. Since the start of the project, many roads and areas have become either temporarily or permanently unavailable. The construction works have affected roads and forced road closures for a certain amount of time, ranging from an hour or less to a couple of days. The main issue is the incorrect or slow updating of the spatial road networks in many areas of the city, which means that trips to certain places might take longer and be more difficult.



These issues cannot be resolved using common GPS services such as Google Maps or even Waze maps [34]. In Google Maps, the Maps Traffic feature basically works by analyzing the GPS-determined positions transmitted to map servers by a large number of smart phone users. By calculating the driver’s speed and the road length, Google Maps is able to produce a live traffic map. Moreover, recently, Google Maps allowed any users to report or give feedback in regard to accidents, or speed cameras, or road constructions. Google provides updates to the server [34,35] by processing the incoming raw data indicating the locations of mobile phone devices and then excludes anomalies such as a postal vehicle that makes frequent stops. When a threshold of users in a particular area is noted, the overlay along roads and highways on the Google map changes color.



Waze differs from traditional GPS navigation software in that it is community-driven, gathering complementary map data and traffic information from its users [31,35] and other GPS software; it obtains information from users’ driving times to provide routing and real-time traffic updates. It is free to download and use. People can report accidents, traffic jams, and speed and police traps and can use the online map editor to update roads, landmarks, house numbers, etc. Waze also identifies the least expensive fuel station closest to drivers or along their route, provided that Waze has enabled fuel prices for that country. The Waze application for Riyadh is shown in Figure 7b.



However, most often, the indicated issues by current map services are related to traffic jams [30]. This is a common reason for complaints and several other issues that could end up causing traffic jams. Here, an important question that arises is: What can cause a traffic jam? In Waze or Google Maps, if the user reports road construction or an accident, the update still relies on the mobile phone devices. Moreover, the road network update cannot occur through these systems immediately, which usually takes days to be updated by the server. However, a new segment can open temporarily because of construction in developing cities [30]. In the same way, the identification of problematic roads without being able to update and identify a section of road or a new road detour does not solve the traffic jams [35]. Using the IoT ( Internet of Things) technologies through a P2P (Peer to Peer) system and OBD2 (On-Board Diagnostics) can solve the origin of the traffic issues and improve the smoothness of the spatial road networks.



However, the main problem is that in Riyadh, neither system is effective mainly because the construction works and changing road conditions are often unexpected (and for a very short time), and therefore, the routes shown by these apps are often inaccurate. Although Waze uses drivers’ feedback, the routing changes cannot be applied. Drivers might indicate that a certain road is very busy, but this condition might not last long. Therefore, a more advanced updating method is required to address the issue of unexpected route changes. Next, several problem scenarios are considered.



If user A wants to go from his/her current location to location B (coffee shop), the usual routing on the map is as shown in Figure 8, where the user will take the Northern Ring Road toward King Abdulaziz Road and from there turn left to his/her destination. The distance is approximately 7 km, and this trip usually takes A around 11 min. However, because of construction work, King Abdulaziz Road will be closed for a few hours, and this update has not been sent to the server. Therefore, the driver who usually takes this road will be forced to make a U-turn and find an alternative road to B.



This issue is common in the city where drivers are forced to change their direction and find another road to their destination. Note that in GPS services, the original route shown in Figure 8 still applies and does not change since these applications do not use driver feedback to update road information. In the previous scenario, A has to change his/her usual route and adopt either Plan 1 or Plan 2 (as an example). In Plan 1, A has to make a U-turn and go east from the Northern Ring Road toward Abu Baker Alsedeaq Road, then go from Price Saud Bin Mohammed Road to the destination. However, in this case, the distance is 15 km, and the trip takes around 30 min (see Figure 9a). In Plan 2, the user A has to make a U-turn and go east from the Northern Ring Road toward King Fahad Road, then change the direction to the north of King Fahad Road, then take Prince Saud Bin Mohammed Road to the destination. However, in this case, the distance is around 18 km, and the trip would take around 27 min (see Figure 9b). Note that in these scenarios, it is assumed that the user is familiar with the roads.



Clearly, Plan 1 and Plan 2 have a huge impact on routing since the time, distance, and cost have all increased. This paper highlights approaches and opportunities to develop and improve routing in cities such as Riyadh that are affected by the rapid changes in road conditions due to construction, modifications, and maintenance.



Furthermore, traffic disruptions can be caused by either a full or partial road block. A full road block is a condition where the road is totally closed and the user has to find another way to reach his/her destination.



Figure 10 shows a reroute strategy where a car cannot reach point X in a direct way due to a change in traffic conditions; therefore, the driver must take a different route to his/her destination. It is common to have to change the route to a destination, and some navigation systems such as Google Maps and Waze will respond to the change of road conditions and reroute the users accordingly. However, since these maps always rely on users’ reports on the latest road conditions, some changes are not identified until drivers find themselves going the wrong way or are stuck in a heavy traffic jam.



Another traffic disruption can be caused by a partial road block. In this situation, one of the lanes could be closed, causing traffic congestion even though the traffic can still move. Most of the current navigational systems will not recognize the cause of this disruption unless users report the event to the server.



For example, a road accident may be blocking half of the road, but traffic can still flow, albeit at reduced speed, thereby causing heavy traffic congestion. Although the road can still be used, navigational systems such as Google Maps or Waze will try to avoid this road unless it is the only route to the destination. Partial road blocks can also be caused by road construction or maintenance works, broken-down vehicles, public events, rain, utility maintenance, or emergency situations. Some events need to be managed promptly and effectively in order to prevent a heavy traffic jam. Next, the independent map enhancement approach for spatial road networks is explained.




4. Independent Map Enhancement


Currently, peer-to-peer networks have become popular because of their scalability [36]. Because of the limitations of centralized systems, the development of mobile Peer-to-Peer (P2P) systems presents favorable solutions. P2P can solve problems caused by central failure (station-based) and isolated points. With P2P, people can contact each other or exchange data with their reachable surrounding objects (e.g., drivers in vehicles) through range wireless communication (e.g., ad hoc WiFi, Bluetooth, cloud infrastructure, etc.) [37]. In a P2P system, the interconnected peers are based on the neighborhood concept [38]. The neighborhood is a concept that can facilitate an understanding of the surrounding environment and enables contact among a cluster of objects [38]. Note that the issue of isolated neighborhoods can be resolved using long-range communication, which enables two neighborhoods to communicate with each other. This can be achieved by using a wireless mesh network system, which can combine two types of communication: short-range and long-range [39].



Figure 11a gives an example of a centralized system. As is clear, the objects   O 8  ,   O 9  ,   O 1  ,   O 2  , and   O 3   are out of communication range; whereas, the P2P system can resolve the issue of a centralized station by removing the need for such stations. Figure 11b illustrates how a mobile P2P system can resolve the issue of a centralized station. It is clear from Figure 11b that other objects now allow more objects, such as   O 8   (similarly   O 9  ,   O 1  ,   O 2  , and   O 3  ), to join the communications within the network environment. Moreover, the neighborhoods are able now to communicate with each other because of the combination of two types of communication: short-range and long-range [39].



An independent map enhancement approach is a method whereby maps are updated, reviewed, and renewed based on users’ movements. The Independent Map Enhancing (IME) approach is a method used for monitoring the most current road condition and adapting the navigational system to this condition. The IME framework is depicted in Figure 12 below. It shows the proposed IME framework, which has seven modules: input, automatic service director, automatic emergency beacon, analysis, navigation, new road segments identification, and new-road detour system. Each module is described below.



4.1. Input Module


The IME has three input feedback scenarios: automatic road monitoring, users feedback, and authorities’ entries. Each component is explained below.



4.1.1. Automatic Road Monitoring


The Automatic Road Monitoring (ARM) component is central to the approach, as the system will monitor each vehicle’s status (such as speed, revs, fuel, breaking frequencies), which can be obtained from vehicles’ on-board computers and the environment, such as where the vehicle is heading, locations, altitude, inclination, and road conditions that can be determined from the vehicle’s vibration.



In detecting an undefined new road, ARM will record the road condition and send the information via the P2P system, which will determine whether the road is accessible. The problem that is commonly found in Riyadh is that the existence of a new road might not have been reported, so some GPS will assume the users are in the middle of the desert.



To detect the traffic condition, the ARM analyzes the driving pattern of a group of nearby vehicles, and the result can be used as an early warning system for other users nearby or heading to this location.



When detecting a road block, either partial or total, the system will also monitor the driving path. If a vehicle encounters obstacles and the driver leaves predefined paths, the system will perform a cross-check validation of other vehicles taking a similar path to determine whether there is a road block. The result can be used as an early warning system to alert other drivers heading in the same direction so they can avoid the road block and take a different route to the same destination.



For example, for a user A driving to his/her destination H, the system detects a light traffic jam, and the driver leaves predefined paths, therefore by checking the validation of other vehicles taking a similar path to determine that there is a road block (in Figure 13, vehicles   C 1  ,   C 2  , and   C 5  ). The system will send an early warning to alert other drivers heading in the same direction, and it will suggest alternative roads (which are open temporarily) based on the others’ feedback information (for example, vehicles   C 3   and   C 4   in Figure 13). Because of the construction, a temporary road can be a new segment or a changed road direction (e.g., dashed lines in Figure 13).



The ARM module consists of two parts. The first is the vehicle on-board diagnostic module that enables communication from vehicle computers and mobile devices. This module uses the OBD2 standard to read the vehicle status, and the data are processed on the mobile device. Sensors on the mobile device are utilized to obtain data on environmental conditions. These sensors are:




	
Compass/magnetometer: This sensor is used to determine the heading of the vehicle, based on the Earth’s magnetic field [40].



	
Accelerometer: This sensor is used to determine rapid movement in the   X , Y , Z   axes. In the other words, this sensor can be used to monitor the vehicle’s vibration, which can indicate the condition of the road [41].



	
Gyroscope: This sensor is used to determine the slope in 3D axes [40].



	
Altimeter: This sensor is used to determine the elevation of the road in terms of sea level. This sensor is very useful if the road is not located on a flat area, but for example, on a hill [40].



	
GPS (Global Positioning System): This sensor is used to determine the exact vehicle location on the map, based on the latitude and longitude position [40,41].









4.1.2. User Feedback


Users’ feedback is used as additional information about an event. For example, when there is an accident, the AMR can only detect a possible traffic jam, but captures no information about the actual event itself. Therefore, it is up to the user to give an additional report to the P2P system, so that other users will know the exact nature of the event; moreover, the traffic density or level of congestion can be determined by the driving pattern of nearby vehicles.




4.1.3. Authorities’ Entries


Road and traffic authorities use data entries to anticipate traffic congestion due to scheduled roadworks and maintenance or events that will block a road partially or fully. Furthermore, authorities will perform an assessment of the new updates which already existed on the map by the approaches. Furthermore, the authorities are responsible for updating information about possible future traffic congestions in order to prevent users or navigational systems from choosing a route to a problematic location.





4.2. Automatic Service Director


The automatic service director acts as a private mechanic that will monitor vehicle performance and status. The module will read the status of the vehicle from its on-board computer through a wireless OBD2 port, where the data will be analyzed [42]. The automatic service director will make suggestions to the driver and guide him/her to, for example, the nearest service station, based on what the driver requires.



During a long drive, some people are usually unaware of their vehicles’ status, such as the remaining fuel or the engine temperature. This could become a problem if they are driving to new, unfamiliar places. With the IME method, the system is integrated with the vehicle’s on-board computer to determine the most suitable and nearest service station. For example, if the on-board computer detects that the remaining fuel will last for a distance of only 100 km, then the system will automatically suggest petrol stations located nearby according to the direction in which the vehicle is heading.



Furthermore, when the on-board computer detects a high increase in engine temperature, the system will automatically find the nearest service station and suggest that the driver take the vehicle to it.




4.3. Automatic Emergency Beacon


The on will act as a distress signal to all emergency stations if an accident has been detected. Reading the vehicle status, GPS, and environmental status, the system will monitor whether or not an accident has occurred. This will speed up the emergency report and subsequently will ensure a prompt response from emergency units.



Vehicle accidents are a common occurrence on roads and can be fatal. A single road accident can involve one or more vehicles and can be caused by factors such as a vehicle fault or driver error. In some road accidents, especially on a single road, the driver and passengers might be unconscious or require emergency assistance. Their only chance of survival may depend on other drivers seeing them and contacting emergency services. However, in rural or remote areas, the accident site might not be seen by others, or seen when it is too late. The automatic emergency beacon in the IME works similarly to the location-based emergency system. However, in addition, it will detect the impact received by the car and calculate the damage done to it. Since this system runs independently of the car, it will continue to operate even though the car has been damaged by the impact of the crash.



Figure 14 shows how an automatic emergency beacon works. The system relies on a cellular network when contacting the nearest emergency service, based on the location of the accident.



If an accident involves several vehicles, the number of emergency beacons transmitted to the emergency services will indicate the number of vehicles involved in the accident. The location sent to the emergency services will be the location where the impact occurred and the final location after impact, since, in some cases, the vehicle’s final location may be different from the site of the initial impact, as shown in Figure 15 below.



Figure 15 shows a Tesla Model S in Northern Florida on July 2016 that crashed into a truck that was turning left in front of it [43]. The Tesla then ran off the road, hitting a fence and a power pole before coming to a stop. As can be seen from this figure, it is clear that the site of the impact and final location of the vehicle were different. In some cases, the final location can be very difficult to find. Therefore, in this approach, the emergency beacon will be sent upon impact and after the vehicle has come to a standstill.




4.4. Analysis Modules


This module provides a comprehensive amount of traffic data and people movement patterns that can be used by the authorities to manage the road and traffic conditions, or to plan city development. There are three analysis modules: road quality monitoring, real-time traffic monitoring, and traffic diversion and management. These parts are explained below.



4.4.1. Road Quality Monitoring


The mobile sensors used for independent road enhancement can be programmed to sense vehicle vibration during movement. The vibration readings can be logged and used to determine the condition of the road in a certain area. By using the road data collected directly and anonymously from the users, the authorities can monitor the condition of a road in real time, enabling them to schedule the road maintenance at the right place where needed.




4.4.2. Citizen Movement Monitoring


Independent road enhancement is meant to track vehicle movements anonymously. For the city’s long-term development, the regular tracking data log can be used to obtain the citizens’ movement patterns. These patterns are very useful as they enable authorities to manage traffic efficiently in a certain location and obtain relevant traffic-related data such as: (a) an area’s rush-hour periods; (b) the busiest intersections; (c) the roads with the heaviest traffic; and (d) the amount of time people spend on the road.




4.4.3. Real-Time Traffic Jam Monitoring


The traffic density can be determined by analyzing the number of vehicles on a certain section of road, their speed, direction, and braking pattern, and the vehicle status. High traffic density is one of the main causes of traffic jams. Therefore, in a real-time navigational system, the early detection of a possible traffic jam is very important. By detecting the traffic density, a navigational system can warn drivers to avoid the road segment, even before the traffic jam occurs, and traffic authorities can start to organize contingency plans to prevent the traffic jam.





4.5. Navigating System


The navigation system is one of the main modules in our approach, where the driver can navigate using existing maps and real-time road conditions, traffic, disruptions, and new or possible routes. The independent map enhancement method consists of a set of approaches that work together to respond to an unexpected change in road conditions. The aim is to provide a means by which users can utilize a map system that can adapt to recent, unexpected changes.




4.6. New Road Segment Identification


Most cities have ongoing development plans, particularly in terms of roads, that facilitate people movements. However, the updating of roads in navigational systems does not always occur in real time, especially for the roads that are closed for a few hours for maintenance purposes. These roads are more likely to not be updated in the GPS services since reporting will take a long time to consider. In fact, in most cases, these roads will go back to their original situations before uploading is approved by the GPS service. However, in the meantime, thousands of travelers have been affected by these un-updated road maps, especially in large cities.



With the proposed independent road enhancement method, every time a user travels along an unidentified section of road, this path will be considered as a candidate for a new road section. Based on the number of users of this new section of road, the vehicle speed, the road quality reading, and vehicle directions, the IME method can automatically determine whether or not the new path is a new section of road. Note that the vehicles communicate with each other through a range ad hoc network (or cloud infrastructure). Thus, the navigational system can be updated (in a very short time) to use the new road section to improve the user’s experiences with a navigational system. Note that since the target is a temporary new segment, when the original section is reopened and the temporary segment is no longer required (because maintenance construction work is finished), the update will be applied promptly to the original section using the same method.




4.7. New-Road Detour System


In some cities, the traffic authorities might need to change a particular route temporarily for the purpose of traffic control. As mentioned previously, the current navigational system might be able to adapt promptly to the changes. By analyzing the movement pattern of the users, IME can be used to determine whether or not there are any changes to the route (detecting road detour). The prompt detection of a traffic route change is crucial in a navigational system since not all users may be aware of changes and may find themselves in a tight spot on the road. Note that the new-road detour system will focus on detecting the road detour that is created by authorities to control road managements.





5. Discussion and Potential Applications


As mentioned previously, current GPS services do not conduct prompt updates of altered conditions in a spatial road network. This issue is common in some cities where drivers will be forced to suddenly start looking for alternative roads to their destination due to road maintenance works. Therefore, independent map enhancement approaches have attempted to improve various aspects of spatial road networks in order to assist road users in reaching their destinations. By using the P2P system, where peers are interconnected based on the neighborhood concept, the Automatic Road Monitoring (ARM) component will record the road condition and send the report to the system, which will determine whether the road is accessible.



There are some works focused on controlling traffic conjunctions based on swarm intelligence, which is inspired by particle swarm optimization [44]. Furthermore, some works focused on swarm intelligence approaches to find successful cycle programs of traffic lights [45]. Most works used swarm intelligence for road traffic in order to find light traffic or control traffic conjunctions based on the objects’ interactions. In this paper, the swarm intelligence approach was not adapted in the approaches. The paper’s main direction is to update the actual spatial road network that has been blocked (or closed or a new segment created) through P2P communications, because of the maintenance in developing cities, which is the basic issue that might cause the traffic congestion in the first place.



Cities are generating many types of geospatial data. In recent years, traffic congestion due to the inaccuracy and late update of the current roads has become a severe problem, not only causing economic losses, but also negatively influencing the quality of life of city residents [46]. Therefore, the proposed independent map enhancement can play an important part in the traffic management to increase the competence and safety of city transportation. For example, new road segment identification helps with updating roads in navigational systems rapidly, especially for the roads that are closed for a short time for maintenance purposes, similarly to the new road detour system, which determines whether or not there are any updates to the route (detecting road detour), which assists mainly the traffic management.



In addition, traffic delays do not only waste time, they also waste money, and therefore, smart traffic systems are among the important smart city solutions to the road and traffic issues in developing cities. Through the P2P system update, all the proposed modules are in the interest of smart city traffic solutions. For example, the automatic service director will make suggestions to the driver and direct him/her based on the his/her requirement. This will enhance the traffic management significantly. Moreover, the automatic emergency beacon can also act as a distress signal to all emergency stations in case an accident is identified, also speeding up the emergency report and subsequently ensuring a prompt response from emergency units.



In addition, an automatic service director will monitor vehicle performance and status. Based on the data that are obtained from the automatic service director, the system can make suggestions to the driver based on his/her requirements. With the independent road enhancement approaches, every time a user travels along an unidentified section of road, an unidentified path will be considered as a candidate for a new road section through the P2P system. Then, based on the number of users of this new section of road and some other aspects such as vehicle speed and vehicle directions, the IME method can automatically determine the path as a new section of road.



There are many potential applications that can be derived from this research:




	
A system that can run independently to monitor the road conditions, and especially to update maps to include newly-constructed roads.



	
A system that can analyze road congestion, traffic density, and people movements during certain times to produce a better traffic network and improve road management.



	
Continuous monitoring of driver behavior to determine people’s reactions to a specific section of road or a certain area.



	
A better routing navigation system that takes into account the most recent changes to a road network.



	
A system where authorities can promptly supply information about potential road disruptions so that users can avoid these locations as early as possible.



	
A system that can suggest to the driver the nearest service stations or other facilities that may be required, based on the vehicle’s on-board computer readings.



	
A system that can act as an automatic emergency alarm when an accident is encountered so that emergency services can respond promptly.








As mentioned previously, this work focuses only on the conceptual ideas and approaches. Furthermore, the quality assessments (errors of the vehicles) are a very important aspect to be considered in future work. As is clear, this work does not consider the evaluation of the proposed modules. Therefore, future research undertakings could focus on the development of detailed algorithms for Automatic Road Monitoring (ARM), which will be responsible for monitoring each vehicle’s status (such as speed, breaking frequencies), which can be obtained from the vehicle’s on-board computer. Using these data in addition to the locations and altitude of the vehicle, ARM will record the road condition based on the data obtained from the P2P neighborhood system and will report promptly and accurately the condition of a particular road. Moreover, a model could be designed that incorporates the users’ feedback on the actual event that is causing the traffic jam. Therefore, the P2P neighborhood system relies on users to provide additional reports so that other users will know the nature of the event, and the density or traffic congestion level can be determined by the driving behaviors of users in nearby vehicles. An automatic service director could provide suggestions to the driver and guide him/her to the nearest required facility such as a service station. This module could also provide a comprehensive range of traffic data and people movement patterns. The overall aim is to provide a system whereby users can utilize a recent map system that adapts to and provides details about sudden changes to road conditions.




6. Conclusions


This paper discusses the advantages of having a peer-to-peer updating mechanism for spatial road networks. In many cities, the spatial road network is not adequately or promptly updated if there are many changes to road conditions because of maintenance works. Therefore, when a user plans a trip to a certain location, it may be that he/she cannot take his/her usual route because of changed road conditions, but the spatial road network data in the GPS are not updated. This can affect the user in many ways. For example, a trip that usually takes five minutes might now take half an hour. The city of Riyadh in Saudi Arabia is chosen as the case study since the construction of the metro is causing these types of problems. Therefore, the aim of this work is to examine the advantages of using a peer-to-peer updating mechanism to help the user find an alternative route when the road usually taken is no longer assessable due to a change in road conditions. Note that this work focuses only on the conceptual ideas and approaches in order to obtain the independent map enhancement.



Furthermore, there are many advantages and possible applications of this approach that can run independently for monitoring the road conditions. For example, it can be used for updating maps for newly-constructed roads, providing a system that can analyze road congestions, providing a system that analyzes traffic density and people movements during a certain time. Furthermore, applications can be developed that monitor drivers’ behaviors and reactions on sections of roads or in a certain area.
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Figure 1. Spatial objects in Google Maps. 
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Figure 2. kNN and range queries. 
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Figure 3. Cellular space, Euclidean space, and spatial road network. 
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Figure 4. Shortest network distance and Incremental kNN (IkNN). 
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Figure 5. Indicating the newly added roads, point-to-segment matching. 
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Figure 6. An example of unmatched trajectories. 
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Figure 7. Riyadh. 
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Figure 8. The usual routing between A and B. 
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Figure 9. Plan 1 or Plan 2 is an alternative route from A to B. 






Figure 9. Plan 1 or Plan 2 is an alternative route from A to B.



[image: Ijgi 10 00008 g009]







[image: Ijgi 10 00008 g010 550] 





Figure 10. Rerouting due to a full road block. 
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Figure 11. The centralized system and the P2P system. 
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Figure 12. Independent map framework architecture. 
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Figure 13. An example of the automatic road monitoring scenario. 
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Figure 14. Automatic Emergency Beacon. 
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Figure 15. Impact and final location of the accident. 
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