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An instant matching algorithm in the context of ride-hailing
applications, using isochrones and social scoring
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Abstract: Ride-sharing nowadays is a term most people have heard about. It is an efficient way to
reduce both climate detrimental emissions and the overall traffic within large cities. A key aspect of
ride-sharing is to match drivers and passengers according to a set of attributes. By matching people
based on static and dynamic settings such as social preferences, this paper shows a fast and efficient
approach for solving this problem. As a key difference to other solutions the core of the developed
instant matching algorithm is built up on isochrones. These are used to match trips on specific
geographical constraints, like the maximum detour and time until a passenger’s pickup. Furthermore,
social metrics allow optimization based on individual preferences in the users trip selection. The
foregoing steps result in a comparative score to allow an optimal set of trips as an output.
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isochrones; person matching; social scoring; sustainability

1 Introduction

Through the rise of mobility, metropolitan areas face traffic congestion problems. Especially
in highly populated cities, this can lead to increased air pollution [CLC17].Seen globally,
traffic-related emissions increased by 68 percent from 1990 to 2015, accounting for 24
percent of the total amount of released greenhouse gases in the year 2015 [Sc18]. Though a
multidisciplinary approach is needed to tackle this problem, one way to reduce the number
of cars on the road and subsequently the overall pollution is ride-sharing [Ja17]. Since 2010,
ride-sharing services have been expanding the possibilities of passenger transportation
more and more [Ç17]. Established ride-sharing solutions like BlaBlaCar focus on arranging
shared long-distance trips for individuals [CC]. Uber on the other hand is more like a
cab company by matching individuals with licensed drivers [BP14]. This excludes the
everyday short-distance travel by individuals within major cities from the potentially
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pollution-reducing benefits of ride-sharing. Challenges in the realization of a system for
short-distance travel range from matching participant’s preferences to providing a reliable
system that optimizes matches in real-time [Ag10].At this point the algorithm comes into
the foreground. The aim of this paper is to present an algorithm for matching participants
dynamically in real-time. By determining the accessibility using isochrones, an efficient
matching between driver and passenger in short-distance travel range can be achieved. In
addition to spatial factors, the matching is also influenced by social preferences. To create
an understanding of the topic, current matching algorithms for dynamic ride-sharing are
presented in Chapter 2. Chapter 3 explains how the matching algorithm works. This is
followed by an evaluation using a simulation to validate various scenarios in Chapter 4 and
finally a conclusion in Chapter 5.

2 State of the art

The matching process in ride-sharing can be subordinated to the Dial-a-Ride Problem
(DARP). A matching process for short-distance destinations is dynamic and thus increases
the difficulty of solving the problem. The solutions for the dynamic ride-sharing problem
are various. In literature many solutions for matching algorithms use heuristics [Wo04,
Ja86, AGK20]. This helps to reduce complexity as DARP is considered NP-hard [CAF16].
One approach includes a time window the matching algorithm. Time windows contain the
maximum time of a customer’s trip and the time of pickup, in order to ensure the waiting
time may only be within in a certain time window. The algorithm minimizes waiting time
as far as possible [Ja86]. To match the users, Schreieck et al. developed an algorithm which
checks whether trip offers are close to the departure and destination of trip requests. A trip
request is matched with a trip offer if they are close to each other. This approach has low
calculation time, but does not consider obstacles like parks and rivers into the matching
[Sc16]. Some solutions to the Dial-a-Ride-Problem also include social aspects such as
gender, employment status or sociality. Aydin et al. assign different weights to the social
aspects, depending on the interests of the customer. When a passenger sends a request, the
Needleman-Wunsch algorithm is used to determine which offered routes are similar to the
passenger’s route. For remaining drivers an average of the social aspects is calculated. The
users are matched with the highest corresponding average of the social score. The algorithm
matches participants with similar routes and social aspects [AGK20]. Other objectives when
solving the ride-matching problem include minimizing total system travel cost [SX13],
maximizing number of matches [SX13, NJ16] and maximizing distance savings [NJ16].

The algorithm described in Chapter 3 is carried out according to the methodology of Design
Science Research with the model of Österle and Becker. This four-step model - Analysis,
Design, Evaluation, Diffusion - was followed to create a better performing information
system, in this case the matching algorithm for ride-hailing [Ö11]. In contrast to other
research this paper extends the matching process by using isochrones around the pick-up
and drop-off points to pay more attention to the environmental conditions and further
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explores the application of using social metrics in the objective function by updating driver
preferences on the decisions made.

3 Functionality of the matching algorithm

The main task of the matching algorithm is to select the best trips for a passenger from
all available trips previously calculated within the system using a routing engine. Firstly,
after the passenger requested a ride, the whole set of trips gets preselected. This is done
by fixed filter parameters, which allow to sort out all the trips that violate these general
constraints. To reduce the set of trips even more, isochrone matching is used next to match
the geographical conditions. Once the pre-filtering of the trips is completed, secondly a
score is calculated to compare the resulting trips. In addition to the detour for the driver and
the waiting time for the passenger, the score also includes social preferences. The matching
algorithm follows a holistic concept including several steps which are pictured in figure 1.

Fig. 1: Flow diagram of the matching algorithm process (Source: own representation)

3.1 Preselection of the trips

In the first step of the matching algorithm in figure 1 the passenger requests a trip. Afterwards
fitting trips are filtered based on the fixed parameters shown in step two and three. The time
of departure (step two), extended by six hours9, is used to create a valid timeframe and
remove trips too far in the future. Then in step three the filter options (contact or friend,
user rating and number of seats) are applied to exclude unwanted trips.

3.2 Isochrone Matching

A further reduction of possible trips is achieved in the fourth and fifth step from figure 1,
based on isochrones. Isochrones are polygons indicating an area reachable from the central
9 The six hour time frame can be adjusted as needed and will be used within this implementation to maintain a
reasonable number of possible trips.
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point in a certain time or distance [Ga11]. The isochrones are calculated with the help
of a routing engine in step four from figure 1 and result in a high reduction of trips for
the matching process. Thus, the calculation of isochrones represents a decisive step in the
matching algorithm. Trips involving a large detour for the driver are no longer taken into
account in matching in step five. By spatially limiting the pick-up and drop-off points of the
passenger, the driver is prevented from driving past the destination of the planned route in
order to deliver the passenger at the drop-off point.

3.2.1 Route reduction through isochrones

For the consideration of the driver’s detour, a representation for a time interval is chosen. It
means that as soon as a node of the route is contained within this polygon, the driver can
reach the center of the polygon with a maximum detour of twice the value of the isochrone,
turn around and continue the planned route at the same nodal point. However, this is an
idealized value, since in reality the driver would still have to search for a turning point. This
estimation can only determine whether the points can be reached at all, with a maximum
detour. An exact determination of the specific detour of the driver is not possible, because
the point’s within the polygon can not be determined or a possibly optimized route with a
shorter detour can occur due to a changed routing. Figure 2 shows the possible changes
compared to the initial route.

Fig. 2: Options for changing the route (Source: own representation)

For the red and green case, the length of sections b1 and b2, as well as a and b, are not
presented for the determination of the absolute route length. However, these changes are
always shorter than the route variant shown in the black case, whose partial routes are all
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estimated to the maximum or, in the case of route length l, have already been calculated. The
route selection is based on the principle of whether the system can guarantee the driver that
the detour is always smaller than the driver prefers. In addition, in this step the maximum
detour can be compared to a specified maximum system value or a dynamic value based on
the route length.

3.2.2 Estimation of the maximum detour

To estimate the detour more precisely, several isochrones with an increasing range are
calculated around the start and end points of the passenger. Four isochrones with a range of
1.25, 2.5, 3.75 and 5 minutes are used. The individual polygons reflect the doubled detour
of 2.5, 5, 7.5 and 10 minutes. For each route, the smallest polygon around the start and end
point is now determined by finding a nodal point of the route. By adding the intervals of the
two determined isochrones, the maximum deviation from the driver’s optimal route can be
estimated. An example calculation of this deviation can be seen in Figure 3.
The first route, Route I, intersects the 3.75 minute isochrone formed around the passenger’s

Fig. 3: Estimation of the detour (Source: own representation)

starting point. At the end point, this route intersects the isochrone describing a maximum
detour of 10 minutes. As a result, the maximum detour of the trip is:

7.5𝑚𝑖𝑛 + 10𝑚𝑖𝑛 = 17.5𝑚𝑖𝑛 > 15𝑚𝑖𝑛

If the driver of Route I specifies, for example, a maximum detour of 15 minutes, based
on the calculation of the isochrones, it cannot be guaranteed that this driver requirement
will be met. The route is removed from the further matching procedure. For Route II, a
maximum detour of 7.5 minutes can be calculated by the isochrones:

5𝑚𝑖𝑛 + 2.5𝑚𝑖𝑛 = 7.5𝑚𝑖𝑛 < 15𝑚𝑖𝑛

In this case, the estimation can ensure that the identical requirement of the driver is
maintained during the matching procedure. The route is therefore still considered during
the further matching procedure. For the case of Route III, if a route does not intersect any of
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the isochrones at either start or end point, the route will also not be considered in the further
steps due to the lack of maximum estimation. Another problem may arise if the direction
of the driver’s movement is opposite to the direction of the passenger. For example, the
driver may have a small detour from certain route points to both points of the passenger,
but the driver’s route passes the passenger’s drop-off point first. In this case, the maximum
estimated detour must be increased due to the turnaround during the trip and the trip may
need to be removed from the matching process. To solve this problem, only the isochrones
around the pick-up point of the driver are initially considered. If the route does not intersect
any of these isochrones, the process can be terminated at this point since no estimation
is possible. If the route intersects an isochrone of the pick-up point, the first route point
seen from the route’s starting point is cached. For the determination of the drop-off point
isochrone, the route is limited to the subsection between this stored route point and the end
point of the route. Despite this consideration, the method has weaknesses in determining
points that are close to each other and therefore can be reached via the identical route point.
The solution to this problem is challenging without a concrete reachability determination
of those points. However, this would increase the complexity and computation time to the
extent that these cases remain in the matching process.

3.2.3 Spatial limits of pick-up and drop-off points

In addition to the calculation, the location of the pick-up and drop-off point of the trip is
considered in relation to the location of the start and end points of the rides. This extra
step is intended to prevent the driver from driving past his actual destination to drop off a
passenger. Furthermore, this ensures that the driver always drives in the intended direction
and does not have to drive in the opposite direction first. The method used is based on pure
vector calculations due to their high-performance implementation. Figure 4 shows the steps
of the method. To obtain the area in which both the pick-up and the drop-off point can be
located, the air line between the start and end point of the trip is calculated first.

Fig. 4: Spatial limits of pick-up and drop-off points (Source: own representation)
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The air line is rotated 90 degrees at both points to create a square area between the start
and end point. Due to the simpler calculations compared to more complex shapes such as
convex contours, a square shape is used. To include points in the close vicinity of the start
and end point, the line is shifted away from the start and end point by 20 percent of the
air lines length respectively. With a five kilometer air line between the routes start and end
point, the line shift would integrate points with a one kilometer air line into the search area.
In the context of short-distance trips, this range can be considered reasonable. For trips that
initially move away from the end point of the trip, the route point with the greatest distance
to the end point is selected. If after these steps either the passenger’s pick-up or drop-off
point is located outside these defined boundaries, the trip is excluded from the matching
process. Otherwise the trip is considered in the final step of the process.

3.3 Calculation of a route score

After applying the matching in Paragraph 3, the best routes are selected in the sixth and
seventh step from figure 1 based on a set of metrics. The metrics can be divided into
route-dependent (step six) and individualized social metrics (step seven). Route-dependent
metrics include absolute detour time, the proportional increase in route length compared to
the original route and time to passenger’s pickup. Since the route reduction using isochrones
only estimates a maximum time detour and not the mentioned route-dependent metrics, a
routing engine is used in an additional step to accurately recalculate the routes including the
passenger’s pick-up and drop-off point. Subsequently, the metrics are determined based on
the difference between the original route and this newly recalculated route. Although the
routing engine has a disadvantage in the computing time of the new routes compared to other
methods such as approximations, the accuracy of the passenger’s pick-up time in particular
is a key argument for the integration into this algorithm. In order to compare the different
metric types, the various metrics get mapped on a range of 0 to 1, where 1 is the best result.
Optimizing these metrics benefits both the driver and passenger. Route-dependent metrics
take up 67.5 percent of the score, where each metric has a 22.5 percent share of it. These
values have been chosen for the first version of this algorithm, since the route-dependent
metrics have a higher relevance for a well functioning match. Social metrics add a drift of
suggested routes toward passenger’s preferences regarding their driver to enhance the user
experience. These include smoking, type of relationship, gender, user rating and willingness
to either talk or hear music during the trip. Social metrics take up 32.5 percent of the
score, whereby each metric has a 5.4 percent share of it. Except for user rating and type of
relationship, these metrics get dynamically optimized based on the passenger’s previously
selected trips using weights. Every category of a metric has a weight 𝜔 ∈ [0, 0.05416]
attached to it, all weights of one metric sum up to 0.05416. For first-time passengers, the
weights of a metric are evenly distributed, which means exemplary for three categories,
that at the beginning 𝜔 is equal to 0.01805. For adjusting the weights to the preferences
of a passenger, the softmax function is used to scale the current weights of a metric to the
interval [0, 1], but these maintain their ratios to each other [Nw18]. Then, for each selection
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that matches the currently selected category, a small value Y ∈ R is added to 𝜔 or subtracted
for any mismatch. To compensate that a passenger’s choice is sometimes the consequence
of choices offered, Y is multiplied by (1/ 𝑓 ) where 𝑓 is the frequency of the category’s
occurrence in the options offered. If the relative frequency of a category in options offered
was 1, this compensation is not performed, because the passenger would have no choice.
To adjust the resulting weights to the score’s calculation, the softmax function is used
again. Then the weight of the selected category is multiplied by the proportion of its metric,
which is 5.4 percent. In this way, a score is calculated for each route, taking into account
route-dependent and social metrics. Based on this, the best matches are returned to potential
passengers.

4 Evaluation

An evaluation of the algorithm is carried out, according to the methodology of Design
Science as mentioned in paragraph 2. It should be ensured that the instant matching
algorithm generates appropriate matches for both the driver and the passenger and that its
outputs provide optimized solutions to the aspects defined in paragraph 3. To achieve this,
a test followed by an evaluation is mandatory [He04]. First, the general solution space of
matching will be outlined. The evaluation is based on the score criteria set out in paragraph
3 and is carried out using different test scenarios. Those test scenarios are intended to check
whether the desired behavior of the algorithm occurs and thus verify its functionalities. Due
to the short duration of the project and the COVID-19 pandemic, there is no opportunity of
in-person rides as well as to evaluate the influence of social metrics. Furthermore, there
are no suitable data sets to allow independent evaluation, so randomly generated trips are
used to validate the algorithm. The algorithm has been developed in a first stable version
and is based on a database of randomly generated routes. A total of 5292 routes have been
created, which constitute the basis for the evaluation. By using various filters, the pool of all
available trips is significantly reduced, which means not all routes are used for the matching
process.
Table 1 and Table 2 show which routes are put out after a request from the passenger. For
this purpose, the desired start and end position of the passenger, as well as the preferred
start time, are transferred and then the calculated scores are evaluated. The first test scenario
was requested on 04/14/2021 at 06:34:47. Results of the request are shown in table 1. Table
2 shows the output for a request on 04/02/2021 at 16:00:00. The delay of the driver results
Route ID Score Detour time (h:m:s) Detour distance (%) Time until pickup (h:m:s)
2464 0.79587 00:05:35 35 00:19:12
2363 0.58698 00:08:23 38 03:40:48
2594 0.13314 00:10:58 46 04:48:04

Tab. 1: First test scenario

from the detour time and the distance the driver has to travel to pick up the passenger. Both
detour time and distance have a 22.5 percent influence on the matching score. In table 2 it is
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Route ID Score Detour time (h:m:s) Detour distance (%) Time until pickup (h:m:s)
432 0.77405 00:08:44 25 01:07:12
444 0.59168 00:09:32 23 00:37:12
286 0.46281 00:09:15 35 00:35:38
366 0.25393 00:09:41 37 02:30:00
510 0.16085 00:09:34 35 06:00:36

Tab. 2: Second test scenario

shown that the routes with IDs 286, 366 as well as 510 get a score below 0.5. On the other
hand, the score for the routes with IDs 432 and 444 is above 0.5. The detour distance is
smaller for the drivers in relation to the other three routes and is therefore rated better in the
score. Especially the comparison between routes 286 and 444 clearly shows the influence
of the detour distance on the score, as the other metrics show similar values. In table 1,
the influence of detour time is illustrated, as the percentage detour distance of routes 2464
and 2363 differs by only three percent. Since the detour time for route 2363 is significantly
higher, the score is proportionally lower. By comparing the two routes with IDs 2464 and
2363 in the first test scenario shown in table 1, it demonstrates the calculation of scores is
influenced by the waiting time of the passenger. Despite similar values in terms of detour,
route 2363 receives a lower score due to its long waiting time for the passenger. This is
equally clear in the comparison of routes 286 and 366 from table 2. Both the interests of
the driver and the passenger are considered in the calculation of the score. Since a large
number of available drivers is essential for a dynamic ride-sharing system, the interests of
the driver are weighted with a total of 45 percent. The time to pick up is included in the
calculation with 22.5 percent. As a result, trips whose values are lower in terms of distance
and duration of detour are displayed preferentially in the matching. If the comparison
between two possible routes is similar in terms of the detour, as is the case for routes 286
and 366 in the second test scenario, it will become clear that the route with low waiting
time receives a significantly better score. Considering the performance of the matching
algorithm, it should not take longer than ten seconds to keep the user’s attention [Ni94].
The test scenarios in table 1 and 2 take about one second on average, which is below the
threshold. The reduction out of the 5292 offered routes by the pre-filtering processes has to
be emphasized here. In the first test scenario 17 possible routes are considered and nine of
them get filtered out because of their detour. The second test scenario takes 12 possible
routes but only needs to recalculate five routes. Only by reducing the routes through the
matching process, this acceptable result can be achieved for the user.

5 Conclusion

The paper represents a matching algorithm in the context of ride-hailing to join a passenger
with a driver using isochrones and social scoring. The algorithm’s internal evaluation points
out the success of isochrone matching as an efficient way to represent both, the drivers and
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passengers interests while still getting suitable results in terms of the drivers detour. It is a
lightweight implementation mostly limited by external sources such as the used routing
engine, which handles the isochrone calculation as well as the routing itself done within the
matching process. Since this evaluation is based on a locally hosted engine, processing times
might increase when running the operations on an external server. It is the only bottleneck
in terms of speed though, having the greatest impact on the process.

To optimize the performance of this algorithm in a next version, tweaking the static weights
might result in a better output since those are currently equally distributed. Furthermore,
the evaluation must be conducted in a public study to obtain meaningful results for both
matching itself and the influence of social factors.
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