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Abstract—Dynamic real-time carpooling service needs to 

rapidly pair passengers with drivers if their routes are 

intersected on their ways to destinations. However, the 

previous studies comparing two routes on a gridded map 

take a long time and result in high errors. In this paper, we 

propose an accurate and rapid approach to compare two 

routes based on the concept of bounding boxes. In addition 

to the traditional brute force (BR) approach, we also 

developed three approaches using bounding boxes to 

compare two routes, which are 1-BB, n-BB, and t-BB. Our 

proposed approaches were successfully tested under 7626 

pairs of the random generated routes on the eastern United 

States map. Furthermore, we also compared our approaches 

with Gjaldbæk’s gridding method for route comparing. The 

experimental results show that our proposed approaches are 

much faster than BR and Gjaldbæk’s approach, which can 

significantly improve the efficiency of pairing passengers 

with drivers in real-time carpooling systems.  

 

Index Terms—route comparison, carpooling, bounding box, 

navigation, global positioning system 

 

I. INTRODUCTION 

Carpooling, or known as ride sharing, was successfully 

tested to have many benefits, such as reducing traffic jam, 

saving money, and protect environments. To succeed in 

pairing passengers with drivers in carpooling, we must 

compare their routes if they are intersected on the ways to 

destinations. The previous studies of comparing two 

routes on a gridded map not only take a long time but 

also result in high errors. A simple example of comparing 

two routes is shown in Fig. 1. 

Many previous studies have been conducted on 

comparison of two routes based on a gridded map [1]-[4]. 

The intersected segments in routes can be determined by 

whether they are in the same grid. Apparently, the size of 

a grid will affect the accuracy of comparing two routes. A 

large size of a grid would probably result in high errors 

on the accuracy of comparing two routes. On the contrast, 

a small size of a grid would result in the high accuracy of 

comparing two routes at the cost of computation time. 

In general, a route is composed of multiple segments, 

and every segment consists of many pairs of latitude and 

longitude coordinates. Comparing every coordinate in 

two routes by traditional brute force (BR) approach 

results in much higher accuracy than the approach 
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comparing two routes on a gridded map. However, BR 

approach has high cost of computation time though it has 

no errors in the results of comparing two routes. To 

provide not only accurate but also rapid route matching, 

in this paper we apply the concept of bounding boxes [5], 

[6] and propose three route comparison algorithms, 1-BB, 

n-BB, and t-BB. The experimental results show that they 

are not only faster than BR but also more accurate than 

approaches with a gridded map on comparing two routes. 

 

Figure 1.  A simple example of comparing two routes and the 
intersected segment, where Si and Ei (i=1, 2) represent the beginning 

and the end of a route. 

The rest of this paper is organized as follows. In 

Section II we review related works. In Section III we 

define a route and categories of intersected segments in 

two routes. In Section IV we define a bounding box of a 

route, and presents the algorithm for determining the 

driving direction in two routes and for comparing two 

routes. We evaluate the algorithms comparing two routes 

in Section V and report the results. Finally, we make 

conclusions and suggest the further research work in 

Section VI. 

II. RELATED WORK 

There are many previous studies related to comparison 

of routes. Gjaldbæk [4] solved the problem of comparing 

two routes rasterized on a gridded map. In [7], [8] and [9], 

the map matching problem was discussed. In [10], [11] 

and [12], the trajectory pattern mining problem was 

discussed. In [1], [3], and [13], the problem of finding 

frequent routes was discussed. In [2], the problem of 

toward mobility-based clustering on a gridded map was 

discussed. 
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He et al. [3] mined the frequent route based on a 

gridded map in a carpooling service. They calculate the 

visit frequency of the segment in a route passed on a grid 

field and remove the segment if the frequency is less than 

a threshold. Cao et al. [1] also mined the frequent route 

based on a gridded map and substring tree. The 

disadvantages of the approach based on a gridded map in 

[1] and [3] are necessary to rasterize routes and match the 

grid fields. Therefore, the approach based on a gridded 

map not only requires a lot of memory space to store 

information of every segment of the routes but also takes 

a long time to mine the frequent route. 

 

 

Figure 2.  One of the example route and a flattened view of the 
sequence of grid fields to which it rasterizes with the size of a grid in 75 

× 75 m2. [4] 

Gjaldbæk [4] developed an algorithm to solve the 

problem of comparing two routes on grid map. The 

algorithm is divided into three stages. The first stage is to 

rasterize two routes into grid fields shown in Fig. 2. The 

second stage is to match the grid fields derived from the 

previous stage. The last stage is to extract the solution 

from the matching results. In addition, the second stage 

uses a modified dynamic programming algorithm from 

approximate string matching. Finally, the intersected 

route is found by tracing backward from the bottom right 

to the top left cell in the matrix filled in the second stage. 

We would compare the efficiency of Gjaldbæk's 

approach with ours because both of us use the same path 

definition which is assuming that a path is defined by a 

sequence of GPS coordinates. 

 

Figure 3.  A large size of a grid causes that intersecting route at three 
grids. 

However, the size of a grid would affect the result of 

comparing two routes. For example, there are two same 

routes on a map in the different size of a grid in Fig. 3 

and Fig. 4. In Fig. 3, a large size of a grid causes that two 

routes are intersected at (M, F), (N, F), and (O, F) 

segments. In Fig. 4, a small size of a grid causes that two 

routes are intersected at only (P, E) segment. Obviously, 

the result of comparing two routes in Fig. 4 is more 

accurate than in Fig. 3. Apparently, a large size of a grid 

would probably result in high errors on the accuracy of 

comparing two routes. On the contrast, a small size of a 

grid would result in the high accuracy of comparing two 

routes at the cost of computation time 

 

Figure 4.  A small size of a grid causes that intersecting route at a grid. 

In our proposed the 1-BB, n-BB, and t-BB route 

matching approaches would not only rapid but also 

generate no errors in the result of comparing two routes 

because these approaches use bounding boxes to initially 

filter unnecessary coordinates in two routes, which can 

save a lot of computation time, and then use BR approach 

to accurately compare the remaining coordinates one by 

one in two routes. 

III. INTERSECTION ROUTES 

A route is composed of multiple segments from the 

beginning to the end, denoted as {𝑠1, ⋯ , 𝑠𝑖} , where 𝑠𝑖 

consists of many pairs of latitude and longitude 

coordinates denoted as{𝑝1, ⋯ , 𝑝𝑗}. Then, a route can be 

represented by a linked list, i.e., 𝑟{𝑠1 → 𝑠2 → 𝑠3 → ⋯ →

𝑠𝑖}  or 𝑟{𝑝1 → 𝑝2 → 𝑝3 → ⋯ → 𝑝𝑗} . We denote a 

coordinate as (𝑙𝑎𝑡, 𝑙𝑛𝑔), where 𝑙𝑎𝑡 is latitude and 𝑙𝑛𝑔 is 

longitude. In this paper, A route 𝑟  is represented by a 

sequence of coordinates as 𝑟{𝑝1 → 𝑝2 → 𝑝3 → ⋯ → 𝑝𝑗}. 

 

Figure 5.  Two routes intersect at multiple coordinates. 

After defining a route, we classify the intersected 

segments of two routes into the following nine categories. 

The basic three categories of continuously intersected 

segments in two routes are not intersecting, intersecting at 

a coordinate, or intersecting at a segment. Next, two 

categories of discontinuously intersected segments of two 

routes are intersecting at many nonadjacent coordinates 

as shown in Fig. 5 and intersecting at multiple 

nonadjacent segments as shown in Fig. 6. Finally, we 

infer that four additional categories of discontinuously 
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intersected segments of two routes are intersecting at a 

coordinate and a segment, intersecting at a coordinate and 

multiple segments, intersecting at multiple coordinates 

and a segment, and intersecting at multiple coordinates 

and segments. 

 

Figure 6.  Two routes intersect at multiple segments. 

IV. RAPID ROUTE COMPARISON 

To improve the efficiency of comparing two routes, we 

apply bounding box of a route in advance to eliminate 

most of the coordinates in a route. Then using brute force 

approach to compare two routes obtains an absolutely 

accurate result. Let us define a bounding box and four 

algorithms for comparing two routes, and determine the 

driving direction in two routes. 

A. Defining a Bounding Box 

A bounding box can be constructed from the left-

bottom vertex and the right-top vertex as shown in Fig. 7. 

The left-bottom vertex (V_LB) is a coordinate with the 

minimum latitude and longitude in a route, and the right-

top vertex (V_RT) is a coordinate with the maximum 

latitude and longitude in a route. Therefore, a bounding 

box can be defined as, 

𝐵(𝑟) = {𝑉𝐿𝐵 , 𝑉𝑅𝑇}, (1) 

where 𝑉𝐿𝐵 is (𝑀𝑖𝑛{𝑝𝑗 . 𝑙𝑎𝑡| 𝑝𝑗 ∈ 𝑟}, 𝑀𝑖𝑛{𝑝𝑗 . 𝑙𝑛𝑔| 𝑝𝑗 ∈ 𝑟}) 

and 𝑉𝑅𝑇 is (𝑀𝑎𝑥{𝑝𝑗 . 𝑙𝑎𝑡| 𝑝𝑗 ∈ 𝑟}, 𝑀𝑎𝑥{𝑝𝑗 . 𝑙𝑛𝑔| 𝑝𝑗 ∈ 𝑟}). 

 

Figure 7.  A bounding box of a route. 

B. Determining Driving Directions in Two Routes 

If the driving directions in the intersected segment of 

two routes is different, these two routes are not 

intersected at the segment, i.e., the directions of segments 

must be same to be truly intersected. In this paper, we 

propose the following approach to determine the driving 

direction of an intersected segment in two routes. 

Step 1—Finding two adjacent coordinates in the 

intersected segment. Determining the driving direction of 

the intersected segment in two routes is to find two 

arbitrary adjacent coordinates which are in the intersected 

segment 𝑠𝑖, denoted by 𝑝
𝑛
 and 𝑝

𝑚
. If only one coordinate 

is found in the intersected segment, the driving direction 

of two routes is different. 

Step 2—Using the indexes of two adjacent coordinates 

in the intersected segment to determine the driving 

direction. A route is a series of pairs of latitude and 

longitude coordinates, and every coordinate is indexed 

from the beginning to the end. We denote 𝑝
𝑛

. 𝑖𝑑𝑥1  and 

𝑝
𝑚

. 𝑖𝑑𝑥1  as the index of the 𝑝
𝑛

 and 𝑝
𝑚

 in the 𝑟1  and 

𝑝
𝑛

. 𝑖𝑑𝑥2 and 𝑝
𝑚

. 𝑖𝑑𝑥2 as the index of the 𝑝
𝑛
 and 𝑝

𝑚
 in the 

𝑟2 . Therefore, determining the driving direction in the 

intersected segment in two routes can be indicated by the 

following function as, 
𝐷(𝑝𝑛 , 𝑝𝑚) =

{

1      , 𝑖𝑓 (𝑝𝑛 . 𝑖𝑑𝑥1 − 𝑝𝑚. 𝑖𝑑𝑥1) × (𝑝𝑛 . 𝑖𝑑𝑥2 − 𝑝𝑚. 𝑖𝑑𝑥2) > 0

0      , 𝑖𝑓 (𝑝𝑛 . 𝑖𝑑𝑥1 − 𝑝𝑚. 𝑖𝑑𝑥1) × (𝑝𝑛 . 𝑖𝑑𝑥2 − 𝑝𝑚. 𝑖𝑑𝑥2) < 0

𝑛𝑢𝑙𝑙, 𝑖𝑓 (𝑝𝑛 . 𝑖𝑑𝑥1 − 𝑝𝑚. 𝑖𝑑𝑥1) × (𝑝𝑛 . 𝑖𝑑𝑥2 − 𝑝𝑚. 𝑖𝑑𝑥2) = 0

,       (2) 

where 𝐷(𝑝𝑛, 𝑝𝑚) = 0 represents that the driving direction 

is opposite, 𝐷(𝑝𝑛, 𝑝𝑚) = 1  represents that the driving 

direction is same, and 𝐷(𝑝𝑛, 𝑝𝑚) = 𝑛𝑢𝑙𝑙  represents that 

two routes are intersected at a coordinate. 

C. Algorithms for Comparing Two Routes 

1) Brute Force(BR)  

Obtaining the intersected segments in two routes is 

done by comparing every coordinate in the route 𝑟1 with 

in the route 𝑟2. The intersected segments in two routes are 

denoted by ℛ = 𝑟1 ∩ 𝑟2 = {𝑝1 → 𝑝2 → 𝑝3 → ⋯ → 𝑝𝑘} . 

Moreover, we could use the comparing results by BR to 

know the category of the intersected segments because 

BR sequentially compares every coordinate from the 

beginning to the end in two routes. The pseudocode for 

the BR is given in the Algorithm 1. 

 
Algorithm 1: Brute Force, BR 

 
Input: 𝑟1, 𝑟2 are the set of (𝑙𝑎𝑡, 𝑙𝑛𝑔)  

Output: ℛ = 𝑟1 ∩ 𝑟2 

Procedure: 

1. For each 𝑝𝑗 in 𝑟1 do 

2.     For each 𝑝𝑖 in 𝑟2 do 

3.         If 𝑝𝑖 = 𝑝𝑗, 

4.             Add 𝑝𝑖 or 𝑝𝑗 into set of ℛ 

5. Return ℛ 

 

2) One-Time Bounding Boxing(1-BB) 

We build two bounding boxes of two routes in 1-BB 

before using BR to compare two routes. If two bounding 

boxes are not overlapped, two routes are definitely not 

intersected. However, two intersected bounding boxes 

represent that two routes may be intersected. Therefore, 

we define a membership function as, 

𝑆𝑜𝑣𝑒𝑟𝑙𝑎𝑝(𝐵(𝑟1), 𝐵(𝑟2)) = {
𝐵(𝑟1) ∩ 𝐵(𝑟2), 𝑖𝑓 𝐵(𝑟1) ∩ 𝐵(𝑟2) ≠ ∅

∅            , 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 ,  (3) 
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where 𝐵(𝑟1) is the bounding box of 𝑟1  and 𝐵(𝑟2) is the 

bounding box of 𝑟2. If 𝑆𝑜𝑣𝑒𝑟𝑙𝑎𝑝 is not an empty set, first 

remove the pairs of coordinates of each route which are 

in the range of 𝑆𝑜𝑣𝑒𝑟𝑙𝑎𝑝. Next, coordinates of two routes 

in the 𝑆𝑜𝑣𝑒𝑟𝑙𝑎𝑝  are compared one by one to find the 

overlapped route.The pseudocode for the 1-BB is given in 

Algorithm 2. 

 
Algorithm 2: One-Time Bounding Boxing, 1-BB 

 
Input: 𝑟1, 𝑟2 are the set of (𝑙𝑎𝑡, 𝑙𝑛𝑔)  

Output: ℛ = 𝑟1 ∩ 𝑟2 

Procedure: 

1. Build the bounding boxes of the 𝑟1, 𝑟2 

2. If 𝐵(𝑟1) ∩ 𝐵(𝑟2) = ∅, Return ∅ 

3. Else 

4.     𝑟1 = {𝑟1|𝑟1 𝑖𝑛 𝑆𝑜𝑣𝑒𝑟𝑙𝑎𝑝}, 𝑟2 = {𝑟2|𝑟2 𝑖𝑛 𝑆𝑜𝑣𝑒𝑟𝑙𝑎𝑝} 

5. For each 𝑝𝑗 in 𝑟1 do 

6.     For each 𝑝𝑖 in 𝑟2 do 

7.         If 𝑝𝑖 = 𝑝𝑗, 

8.             Add 𝑝𝑖 or 𝑝𝑗 into set of ℛ, Break 

9. Return ℛ 

 

3) N-Times Bounding Boxing Until Equal(n-BB) 

As mentioned previously, there are two categories of 

intersected segments in two routes, which are continuous 

and discontinuous. In the continuously intersected 

category, two routes are only intersected at a coordinate 

or intersected at a segment. Thus, we repeatedly build the 

bounding boxes of two routes and remove the pairs of 

coordinates which are not in 𝑆𝑜𝑣𝑒𝑟𝑙𝑎𝑝, in two routes, and 

then 𝑟1 would be equal to 𝑟2 and 𝑟2 would be equal to ℛ. 

Finally, 𝐵(𝑟1)  would be equal to the 𝐵(𝑟2) . In the 

discontinuously intersected category, two routes are 

intersected at nonadjacent coordinates or segments. As a 

result, 𝑟1  would be not equal to 𝑟2  and 𝑟2  would be not 

equal to ℛ. However, 𝐵(𝑟1) would be equal to the 𝐵(𝑟2) 

because the two bounding boxes are bounded by the 

intersected coordinates or segments instead of the non-

intersected coordinates or segments in the two routes. 

With this observation 𝐵(𝑟1) would be equal to 𝐵(𝑟2) and 

then we could improve the efficiency of 1-BB by 

repeatedly building the bounding boxes of two routes and 

removing the pairs of coordinates not in 𝑆𝑜𝑣𝑒𝑟𝑙𝑎𝑝  before 

comparing two routes. The pseudocode for the n-BB is 

given in Algorithm 3. 
 

 
Algorithm 3: N-Times Bounding Boxing Until 

Equal, n-BB 

 
Input: 𝑟1, 𝑟2 are the set of (𝑙𝑎𝑡, 𝑙𝑛𝑔)  

Output: ℛ = 𝑟1 ∩ 𝑟2 

Procedure: 

1. Build the bounding boxes of the 𝑟1, 𝑟2 

2. While (𝐵(𝑟1) ≠ 𝐵(𝑟2)) do 

3.     If 𝐵(𝑟1) ∩ 𝐵(𝑟2) = ∅, Return ∅ 

4.     Else 

5.         𝑟1 = {𝑟1|𝑟1 𝑖𝑛 𝑆𝑜𝑣𝑒𝑟𝑙𝑎𝑝}, 𝑟2 = {𝑟2|𝑟2 𝑖𝑛 𝑆𝑜𝑣𝑒𝑟𝑙𝑎𝑝} 

6.     Build the bounding boxes of the 𝑟1, 𝑟2 

7. For each 𝑝𝑗 in 𝑟1 do 

8.     For each 𝑝𝑖 in 𝑟2 do 

9.         If 𝑝𝑖 = 𝑝𝑗, 

10.             Add 𝑝𝑖 or 𝑝𝑗 into set of ℛ, Break 

11. Return ℛ 

 

4) Threshold-Based Bounding Boxing(t-BB) 

This is intuitively true that BR, which would break 

out of the for-loop if the same coordinate is found, 

becomes faster when the overlapping ratio of two 

routes is very high. Because we are unable to 

know the real overlapping ratio of two routes 

before comparing two routes, t-BB uses the 

intersected area of two bounding boxes to estimate 

the real overlapping ratio of two routes. We define, 

𝐴𝑏𝑜𝑥, which is ratio of the overalpped area of two 

bounding boxes by, 

𝐴𝑏𝑜𝑥 =
𝐴𝑟𝑒𝑎(𝑆𝑜𝑣𝑒𝑟𝑙𝑎𝑝)

𝐴𝑟𝑒𝑎(𝐵(𝑟1)∪𝐵(𝑟2))
× 100%.                 (4) 

The pseudocode for the t-BB is given in 

Algorithm 4 

 
Algorithm 4: Threshold-Based Bounding Boxing, t-

BB 

 
Input: 𝑟1, 𝑟2 are the set of (𝑙𝑎𝑡, 𝑙𝑛𝑔)  

Output: ℛ = 𝑟1 ∩ 𝑟2 

Procedure: 

1. Build the bounding boxes of the 𝑟1, 𝑟2 

2. If 𝐵(𝑟1) ∩ 𝐵(𝑟2) = ∅, Return ∅ 

3. If 𝐴𝑏𝑜𝑥 < 90%, 

4.     While (𝐵(𝑟1) = 𝐵(𝑟2)) do 

5.         If 𝐵(𝑟1) ∩ 𝐵(𝑟2) = ∅, Return ∅ 

6.         Else 

7.             𝑟1 = {𝑟1|𝑟1 𝑖𝑛 𝑆𝑜𝑣𝑒𝑟𝑙𝑎𝑝}, 𝑟2 = {𝑟2|𝑟2 𝑖𝑛 𝑆𝑜𝑣𝑒𝑟𝑙𝑎𝑝} 

8.         Build the bounding boxes of the 𝑟1, 𝑟2 

9. For each 𝑝𝑗 in 𝑟1 do 

10.     For each 𝑝𝑖 in 𝑟2 do 

11.         If 𝑝𝑖 = 𝑝𝑗, 

12.             Add 𝑝𝑖 or 𝑝𝑗 into set of ℛ, Break 

13. Return ℛ 

 

V. EXPERIMENTAL RESULTS 

We analyzed the performance of BR, the proposed 1-

BB, n-BB, T-BB, and Gjaldbæk’s algorithm and 

implemented on the Google Map. Routes are planned in 

the driving mode on the eastern United States map. The 

algorithms are implemented by C language and run on a 

desktop computer equipped with Intel Xeon E3-1231 v3 

3.40 GHz CPU and 32GB RAM, and operating system is 

Linux Mint 17.2 Cinnamon. 

In our experiments, the two randomly selected routes 

may not be the similar number of coordinates. We 

arbitrarily selected 124 routes where the number of 

coordinates is between 24 and 1823 and the average 

length is 24.25 km on the New York map bounded by 

VLT(40.89172, -73.90732) and VRB(40.59727, -
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73.49945). There were 7626 pairs of the routes compared. 

In the following figures, Gjaldbæk(s) represents that 

routes are rasterized with a size of s × s m
2
 grid. 

As shown in Fig. 8 and Fig. 9, with the aid of bounding 

boxes to eliminate unnecessary coordinates, our three 

approaches, even using bounding boxing once, like 1-BB, 

are all much faster than BR and Gjaldbæk’s approaches 

whose grid sizes are 35, 75, and 150, respectively. In our 

experiments, n-BB is as fast as t-BB because the few 

number of coordinates in two routes take little 

computation time. Gjaldbæk (75) is much faster than 

Gjaldbæk (35) because rasterizing a route in a large size 

of a grid takes little computation time to matching each 

grid fields than a small one at the cost of positioning 

accuracy. 

 

Figure 8.  The average time for comparing two routes. 

 

Figure 9.  The speedup for comparing two routes. 

The experimental results show that our approaches are 

more accurate and efficient than Gjaldbæk’s. Gjaldbæk’s 

approach is obviously expected to have poor performance 

because it is similar to our approach but it builds too 

many bounding boxes for rasterizing routes and matches 

pairs of grid fields in two rasterized routes. In contrast to 

our proposed approaches, 1-BB, n-BB, and t-BB always 

build two bounding boxes and remove unnecessary 

coordinates from two routes iteratively. Thus, our 

approaches could decrease much computation time for 

comparing two routes. 

VI. CONCLUSION 

In this paper, we specifically described the categories 

of intersection of two routes and proposed three 

approaches based on bounding boxes to compare two 

routes. Moreover, we also implemented the approaches 

on the Google Map and analyzed their performance 

compared with Gjaldbæk’s approach. The proposed t-BB 

and n-BB can be also used in other geographic 

information systems (e.g., Apple Map and Bing Map) and 

achieve rapid and accurate result of comparison of two 

routes. Finally, we can rapidly pair passengers with 

drivers in real-time carpooling systems by t-BB when 

there are many passengers and drivers to carpool. 
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