
  

 

Abstract—To deal with the reverse car-searching issue in 

large buildings and parking lots, a Quick Response Code (QR 

code) based reverse car-searching route recommendation model 

is designed.  By scanning the deployed QR codes, a Smartphone 

can pinpoint the host location and parking location efficiently. 

Based on the submitted location information, the central control 

system can finally return the recommended routes, which 

facilitates a host to reach the parking location effectively. In our 

model, the reverse car-searching route is divided into two 

parts:  choosing the optimal exports (elevator) and computing 

the shortest walking distance route. Based on the optimal export 

selection algorithm and regional shortest path algorithm, our 

model can choose the prior exports (elevator) effectively, and 

then recommend the optimal walking route in the buildings and 

parking lots. The simulation shows that this low-cost system can 

effectively solve the reverse car-searching problem in large 

buildings and parking lots, save the driver's car-searching time 

and improve the utilization rate of parking facilities. 

I. INTRODUCTION 

With the increasing number of cars, the construction scale 
of the parking lots is also growing. Due to the large space and 
similar environment in the shopping centers and other large 
buildings, drivers are often easy to be lost when they return to 
get the vehicles, or forget the parking position of their vehicles. 
Meanwhile, managers of parking lots are also hope to help 
customers finding their parking location as soon as possible to 
improve customers’ satisfaction. It can also help to speed up 
the flow of vehicles parking, improve the utilization of the 
parking lots. Hence, it is of great importance in researching on 
an effective reverse car-searching route recommendation 
system in the large buildings and parking lots. 

Reverse car-searching route recommendation in large 
buildings and parking lots needs to get user's current location 
and vehicle parking position, which are related to indoor 
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positioning and navigation problems. Indoor positioning and 
navigation problem is a hot research topic currently, which is 
the basis of all location-based services for Smartphones 
providing identification of nearby services. In order to solve 
this indoor positioning problem, many ground-based 
positioning systems have been developed by researchers and 
engineers such as those based on Wi-Fi, ultra-wideband 
(UWB), radio frequency identification (RFID), and inertial 
measurement unit (IMU) [1]. However, these indoor systems 
may not be able to continuously provide position information 
with the accuracy desirable for navigation and tracking. 
Recently, some scholars have contributed to innovative ideas, 
methods, and applications in indoor navigation and tracking. I. 
Sharp et al [2] built up a low-cost personal locator based on 
dead reckoning without the requirement to deploy costly 
infrastructure and showed that the dead reckoned position of 
the person then can be determined with an accuracy of 0.6 m. 
V. Moghtadaiee et al [3] proposed a design protocol for 
indoor fingerprinting systems by exploiting positioning 
estimation lower bounds, and the authors also investigated the 
impact of the path loss exponent, the standard deviation of the 
noise measurement, and the size of the environment. J. Cheng 
et al [4] presented an integrated navigation system that can be 
used for pedestrian navigation in both outdoor and indoor 
environments. Y. Li et al [5] proposed an alternative 
framework for resolving the optimal state estimation filtering 
problem. They proved that the derived globally optimal fusion 
(GOF) algorithm uses more information sources and has a 
higher level of accuracy than the CKF. J. Yan et al [6] 
proposed a mobile tracking scheme for single frequency 
network positioning to deal with the challenges of base station 
identification and NLOS propagation, leading to better 
performance than existing positioning algorithms for single 
frequency networks. 

The reverse car-searching route recommendation in large 
buildings is a specific kind of indoor positioning and 
navigation issues. There are only few researches focused on 
reverse car-searching route recommendation problems, and 
the main proposed technical solutions  can be summarized into 
four categories: user feedback positioning mode [7], video 
recognition method [8], active RFID card positioning mode [9] 
and bar code printers positioning mode [10]. The main 
drawback of these systems is that needs some extra costs for 
deploying lots of equipment such as sensors, cameras and 
RFID detectors etc.. Therefore, a low-cost and high-efficiency 
reverse car-searching route recommendation method is 
urgently needed. 
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Considering the above situation, we present a QR code [11] 
based reverse car-searching route recommendation model in 
large buildings and parking lots. The low-cost QR code can be 
deployed in buildings and parking lots expediently as the 
adjunct of beautifying or advertising ornament. Meanwhile, 
we run our indoor navigation model in the central control 
system for receiving QR code location information from 
Smartphones, and then return the recommended routes. The 
simulation shows that this low-cost system can effectively 
solve the reverse car-searching problem in large buildings and 
parking lots, save the driver's car-searching time and improve 
the utilization rate of parking facilities. 

II. SYSTEM DESIGN  

A. System Architecture  

In order to help drivers getting parking location 
information timely, a recommendation system should be built 
between the drivers and parking lots to communicate with 
each other. The system is accountable to recommend reverse 
car-searching route for the drivers and direct them to target 
parking space through Smartphone. As shown in Fig.1, the 
presented model consists of a central control system, 
Smartphones, and a parking management system.  

 

Figure 1.  Architecture of parking information recommendation system. 

 

A central control system is the core of our model who  
collects and manages the topology and location information of  
all the buildings and parking lots. It interacts with the parking 
management system and Smartphones through Web services 
[12], accepting their request and returning the results. The 
foundation of reverse car-searching route recommendation is 
a parking management system, which can help to guarantee 
the recommendation system recommends optimal route 
accurately and efficiently. It collects and manages the 
topology, location and parking space information in parking 
lots, and updates them to central control system timely. 
Drivers can use their Smartphone APP (applications) for 
submitting their location information to central control system 
and receive the recommended route information for reaching 
their car  parking spaces. 

B. Workflow  

As fundament of the system, the QR codes are needed to 
be deployed in various areas of buildings and parking lots for 
location marking. When drivers finished parking, they can 
scan a QR code by Smartphone in the nearest parking area to 
record the parking position. When drivers want to go back to 
take their car, they can scan the QR code again in their current 
region. After getting the current position and parking location 
information, the central control system can calculate the 
optimal route between the two points, and then present to 
display on Smartphone. The workflow is shown in Fig.2. 

 
Figure 2. Workfolw of recommendation system. 

 

 Zoning and QR code deploying. As an experience in 
China, the parking lots commonly locate at the sub 
levels. In our model, each floor of the building and 
parking lot is divided into multiple areas. The actual 
location information as well as a static map of the area 
is stored in the central control system. Each 
sub-region is assigned a unique location QR code, 
which is posted on the wall or a stand column.  

 System initialization. The central control system 
collects and manages the topology and area code 
information of  all buildings before start working. The 
parking management system collects and manages the 
internal topology information of the parking lots and 
the location information of parking spaces. The 
central control system can also get the information 
after interacting with the parking management system. 

 Recording parking location. When drivers finished 
parking, they can scan the QR code in the nearest 
parking area to record the parking position.  
Smartphones then communicate with the central 
control system to acquire the specific location 
information as well as a static map of the region to 
help drivers understanding their parking location 
information. 

 Identifying user's current location. When drivers want 
to go back to take their car, they can scan the QR code 
in any present region. Smartphone communicates 
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with the central control system to obtain the actual 
location information and the static map information 
about the area to help drivers understanding their 
current location information. 

 Reverse car-searching route recommendation. In our 
model, the recommend route is divided into two parts. 
One is the path from the user's current location to the 
exports (elevator) of the floor, and the other is that 
from the export of the target floor to the target parking 
position. According to the locations information 
obtained from the scanned QR codes, central control 
system firstly selects the optimal exports (elevator) 
through multi-attribute decision algorithm [13] , and 
then calculates the optimal walking route through the 
shortest path algorithm [14].  

III. METHODOLOGY  

Through the large-scale deployment of QR code in the 
buildings, drivers can obtain parking position and the current 
position information by means of QR code scanning. Reverse 
car-searching route recommendation faces the problem of 
calculating the optimal path between the parking position and 
the current position, which can help the driver to reach their 
vehicles parked position quickly.  

A. Indoor Navigation Analysis  

Conducting route navigation model in a large building 
needs to consider multiple factors. Compare with the outdoor 
location, indoor positioning and navigation possess with more 
complex environmental factors. It can be divided into spatial 
and non-spatial environmental information. Generally, spatial 
environmental information includes two-dimensional vector, 
navigation topology of the network, three-dimensional 
geometric model, and 3D topology networks. Non-spatial 
information can be divided into the static and dynamic 
information, wherein the static information includes users’ 
information, road type, road distance; and the dynamic ones 
includes personnel density, real-time location etc.. Dynamic 
data information is available through the indoor QR code 
positioning systems, sensors, and real-time input manually; 
and static data information can be obtained at the time of 
deployment of the system by measuring or sensor acquisition. 
These data are under unified storage and management to 
construct an indoor environmental information database.  

For the reverse car-searching route recommendation 
model, we can divide the procedure into two processes, the 
user selects the export from the current floor and find the way 
from the export to target parking location. As for large 
buildings, commonly a floor owns several elevators or stairs 
exports to reach the underground parking lot, and the distance 
from each export to the target parking position is different. 
Thus, the reverse car-searching route recommendation should 
be considered the two processes as a whole procedure, rather 
than separate it to two independent ones.  

B. Optimal Export Selection Algorithm  

Through above analysis, conducting the route navigation 
model in a large building needs to consider multiple factors. 

Firstly, drivers’ characteristics and preferences need to be 
conceded to make personalized recommendations. Secondly, 
several real-time environmental factors need to be considered, 
such as the users' current location, the number of exports, the 
distance from each export to target parking space, personnel 
density and so on. 

This article abstracts the issue of selecting the target 
export of large buildings into the optimal decision-making 
process, which considering the influence of various factors. 
Firstly, we choose the candidate exports according to drivers’ 
characteristics and preferences. Meanwhile, the preferences 
are stored on the user's smart terminal, which can be submitted 
when requesting a recommendation. At this point, we can get 
several eligible exports on the floor. For each export, we 
regard real-time context information in buildings as attribute 
values. This paper selects the factors of Walking distance, 
Personnel density, and Distance to parking spaces, Export 
utilization, and Average time as the evaluation indexes. The 
description of  evaluation indexes is shown in Table I. 

TABLE I.  EVALUATION INDEXES  

Serial 

Number 
Name Description Symbol 

1 
Walking 

distance 

The distance from current 

position to the target export 
S 

2 
Personnel 

density 

The sparse degree of this 

walking path 
D 

3 
Export 

utilization 

The higher the utilization, the 

longer the user needs to wait 
F 

4 
Distance to 

parking spaces 

The distance from the target 

export to the parking space 
L 

5 Average time 
The average time required from 

the current floor to target floor  
T 

 

With the five evaluation indexes, we can get an optimal 
export through multi-attribute decision making algorithm. For 
the convenience of calculation, we quantified the variables of 
personnel density and export efficiency, low is quantified as 
7-9, middle as 5-7 and high as 3-5.  

Different people have different preferences. Therefore, 
drivers need to prefer the five evaluation indexes when they 
inquired parking route through Smartphone. According to the 
preference, central control system would give different weight 
to each evaluation index. After getting the values and weights 
of evaluation indexes, we can use multi-attribute decision 
making algorithm to calculate the optimal export. 

Based on the candidate exports of the floor in a building, 
multiple attribute decision making process mainly calculates 
the optimal export according to the driver's preference. In this 
paper, the Walking distance S, Personnel density D, Export 
efficiency F, Distance to the parking space L and Average 
time T is the optimization objective, making up the model’s 
target vector set { }G S, D, F, L,T . Candidate exports make up 

the decision scheme set
2

{ , , }
1 n

E e e e , and the attribute 

values of candidate export ei are { }
i1 i2 i3 i4 i5

e ,e ,e ,e ,e , 

which
1 2 3 4 5

,
i ei i ei i ei i ei i ei

e S e D e F e L e T    ， ， ，

( 1,2, , )i n . 
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Step 1: Take 
2

{ , , }
1 n

E e e e  as the decision scheme set, 

{ }G S, D, F, L,T  as the destination vector set, then we can 

establish the decision matrix
5

( )
n ij n? 5

A a

 ; 

Step 2: Normalize the decision making matrix 

5
( )

n ij n? 5
A a


  as (1) and (2) to obtain a standardized 

matrix ( )
ij n? 4

R r ; where I1 represents the benefit index set, 

I2 represents the cost index set; 

             1
1 2

ij

ij

ij

a
r ,i , , ,n , j I

max(a )
           (1) 

             2
1 2

ij

ij

ij

min(a )
r ,i , , ,n , j I

a
            (2) 

Step 3:  Calculate the comprehensive attribute values of 
each free parking space as (3) according to the evaluation 

index weight vector ( )
1 2 3 4 5

W w ,w ,w ,w ,w , which is input by 

drivers; 

                   
n

1

i
D (w) W R                             (3) 

Step 4:  Rank the comprehensive attribute values ( )
i

D w  

to get the optimal solution. The greater the comprehensive 
attribute value is, the better the corresponding scheme is. 

C. Regional Shortest Path Algorithm  

By scanning the QR code, drivers can confirm the current 
floor and car parking floor, which are displayed on the 
smartphone. When drivers reach the target floor, they can 
walk to the vehicle parking location according to the 
recommended path, which is generated by the shortest path 
algorithm.   

In this paper, the improved Dijkstra algorithm is adopted 
to calculate the shortest path from the optimal export to the 
parking location in the underground parking lot. Dijkstra 
algorithm is based on an abstract model of the network and 
determines the path with minimum weight assignments in the 
network from a point to all other nodes. The algorithm is 
widely used in outdoor navigation to calculate the shortest 
path, which mainly based on path distance, time and other 
factors as weights. In the large building environment, the 
indoor navigation networks can be described as a weighted 
directed graph, namely , ,G V E W   , where V is the set of 

vertices of the graph, E is the set of edges, W is the set of 
weights. 

The basic principle of Dijkstra algorithm can be 

described as follows. An auxiliary quantity d(u,v) is  

introduced first. Each of its components represents the length 

of the shortest path from the initial point to the terminal point. 

In the course of the algorithm, the value of d(u,v)  is constant 

approaching the final result, but it is not necessarily equal to 

the length of the shortest path in the process. The initial state 

of the algorithm is shown as follows: If there is an arc from 

u to
iv , the d(u,v) set as the weight of the arc, otherwise it is 

set to  . The shortest path from u to iv is calculated as 

formula (4). 

            ( )= { ( )| }
j i i

d u,v Min d u,v v V                  (4) 

The process of Dijkstra algorithm is specifically described 
as follows: 

 If there is no direct connection between
i

(u,v ) , 

then [ ]
i

f u,v  is set as . S is the set of the terminal 

end of the shortest path, which is empty in the initial 
state. Then, the initial value of the length of the 
shortest path from the starting point to the rest of the 

vertices is set as [ ]
i i

d(u,v )= f u,v , where
iv  is 

contiguous with the starting point. 

 Select jv  , which can be used as formula (5). 

[ ] = { [ ] | - }
j i i

d u,v Min d u,v v V S        (5) 

  Modify the shortest path length from the vertex 

i
v S to the vertex in V S  . 

If [ ] [ ] ( )
j k

d u,v f j,k d u,v  , 

then ( ) ( ) [ ]
k j

d u,v d u,v f j,k  . 

 Repeat steps (2) and (3) of n-1 times to get an 
increasing sequence of the length of the shortest path 
from u   to the remaining vertices and the shortest 

path can be obtained. 

Dijkstra's algorithm was originally designed to calculate 
the shortest path from the point of departure to all other points 
on the network. When applied to the optimal path calculation 
in the road network, Dijkstra algorithm can be improved to 
start the search from the starting point to the terminal point to 
get the shortest path. Some scholars have proposed limiting 
the search area ellipse algorithm, rectangular search algorithm, 
dynamic limit the search area algorithm and other methods to 
improve the efficiency of the algorithm [15]. Since the 
structure of the road network in the parking lot is regular, we 
can limit the search area to a rectangular region, which the 
diagonal connects the starting point and destination point. The 
optimal path of the regular road network generally falls into 
the small rectangular area. But in the near vicinity of the two 
nodes, the reverse path may occur. At this time, we limit the 
search area to a smallest rectangle that contains the ellipse to 
search, and then dynamically restrict the search area. 

IV. SIMULATION AND EVALUATION  

A. Optimal Export Selection  

For a large building, each floor has several exports to be 
chosen, while the exports have different properties, which will 
affect the drivers' decisions. In this paper, five evaluation 
indexes are selected according to drivers’ preferences to 
calculate the optimal export by means of multi-attribute 
decision making. 
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Assume that the driver’s current floor has eight exports, 
including two vertical lifts, three escalators and three 
staircases. According to the driver's preferences, the stairs 
exports are not considered. Hence, the three staircases exports 
should be removed, resulting in five lift exports to meet the 
requirements. According to the sensors deployed in the 
building and space environmental information data stored in 
the database, the values of the five evaluation indexes can be 
obtained. Simulated data of these five evaluation indexes for 
the five exports are shown in Table II. 

According to the preference of the five evaluation indexes, 
central control system would give different weight to each 
evaluation index. Assuming that the preference order of the 
evaluation index is walking distance, personnel density, 
export efficiency, distance to target parking space and time to 
reach, then the weight vector should be set as W=(0.35, 0.25, 
0.2, 0.15, 0.05). 

Based on the candidate exports of the floor in the building, 
multiple attribute decision making process mainly calculates 
the optimal export according to the driver's preference. In this 
paper, the Walking distance S, Personnel density D, Export 
efficiency F, Distance to target parking space L and Average 
time T are the optimization objective, making up the model’s 
target vector set { }G S, D, F, L,T , and the candidate exports 

make up the decision scheme set { }E A, B,C, D, E . Then the 

decision matrix 
5n

A


can be obtained. 

5

350 5 3 300 60

600 6 7 500 60

80 4 5 400 180

500 9 8 600 180

800 7 9 200 180

n
A




 
 
 
 
 
 
  

 

Normalize the decision making matrix 
5

( )
n ij n? 5

A a

  as 

(1) and (2) to obtain a standardized matrix R  

0.229 0.556 0.333 0.667 1.000

0.133 0.667 0.778 0.400 1.000

1.000 0.444 0.556 0.500 0.333

0.160 1.000 0.889 0.333 0.333

0.100 0.778 1.000 1.000 0.333

R 

 
 
 
 
 
 
  

 

Based on the evaluation index weight vector W= (0.35, 
0.25, 0.2, 0.15, 0.05), comprehensive property values for each 
export can be calculated sequentially as Di (W) = (0.4358, 
0.4789, 0.6639, 0.5504, 0.5962). As can be seen by 
comparing the comprehensive property values, the export C 
has the largest value, which should be recommended as the 
optimal export to drivers. 

B. Regional Shortest Path Algorithm  

Fig.3 shows a plane graph of an underground parking lot. 
The parking lot has two elevators as an export. Meanwhile, the 
parking lot marks different parking spaces with capital letter 
and numbers. The lower case letters represent the paths.  QR 
codes are deployed in different regions of the parking lot, 
which could be scanned to get the location information of the 
region as well as static map information in the region. In the 
figure, for example, at a certain moment, the driver gets into 
the parking lot from the elevator 1, and begins looking for the 
location of their vehicles in D6. According to the parking 
shortest path modeling method, the topological structure of 
the parking lot can be abstracted into the weighted graph as 
shown in Figure 4. The shortest path from the export to the 
parking location is calculated by means of the improved 
Dijkstra algorithm, which is c e . 

elevator 2elevater 1A

B

C

B3

Entrance ExitD

E F

G H

A8

G7

D8

F1F2

B10

a

b

c

d

e

i

f

g

h

k

j

D6

QR code

Figure 3. Plane graph of an underground parking lot. 

In the absence of reverse car-searching route 
recommendation, drivers cruise to find the parking location 
after entering the parking lot. Assuming that when drivers 
enter the parking lot, they began to search for the location in a 
random route (only considering the shortest path, the repeated 
path is not calculated). Comparisons of finding the parking 
location between recommendation and without 
recommendation are shown in Table III. 

TABLE II.               SIMULATION DATA OF EACH EXPORT 

Serial number 
Type Walking Distance 

/m 

Personnel 

Density 

Export 

Efficiency 

Distance 

/m 

Average Time 

/s 

A vertical lift 350 High High 300 60 

B vertical lift 600 Middle Middle 500 60 

C escalators 80 High Middle 400 180 

D escalators 500 Low Low 600 180 

E escalators 800 Middle Low 200 180 
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TABLE III.  COMPARISONS BETWEEN RECOMMENDATION AND WITHOUT 

RECOMMENDATION 

 Walking path Walking 

distance 

(m) 

Walking 

time 

(s) 

 

 

 

 

Without 

recommendation 

c→e 24.0 48 

c→h→j→i 84.0 168 

c→f→g→k→j→i 108.0 216 

c→f→g→k→h→e 118.0 236 

c→a→d 64.0 128 

c→a→b→f→e 94.0 188 

c→a→b→g→k→j→i 155.0 310 

c→a→b→g→k→h→e 154.0 308 

c→h→k→g→f→e 112.0 224 

c→h→k→g→b→a→d 248.0 496 

Average 116.0 232 

With 

recommendation 

c→e 24 48 

 

Comparing the data above, we found that the walking 
distance and walking time are reduced greatly in case of 
recommendation, and the driver can reach the target parking 
space in a shorter period of time. The model recommended the 
optimal walking path to the drivers, so that drivers can avoid 
aimless searching in the parking lot, thus greatly reducing 
waiting time and improving utilization of the parking lot.  

1

F1 H9

D6

H1
F7

F8
F16

G1

E1 B3
 

Figure 4. Abstract weighted graph of the parking lot.  

C. System Implementation Effect  

The system achieves the reverse car-searching route 
recommendation in large buildings through Smartphones and 
QR codes. The effect example of the QR codes deployed in 
the parking lot is shown in Figure 5 (a). 

 
(a)                                                        (b) 

Figure 5. Schematic diagram of QR Codes and route map 

For the convenience of drivers, we have designed a 
Smartphone based recommendation system. Through 
scanning QR code deployed in building, driver’s current 
location and parking location can be obtained. Then, central 
control system calculates the optimal route between the two 

locations and sends the results to Smartphones in the form of 
the electronic map. The Schematic diagram of the 
recommended route map on Smartphone application is shown 
in Figure 5 (b). 

V. CONCLUSION 

This paper proposes a QR code location based reverse 

car-searching route recommendation model in large buildings, 

which can greatly reduce the cost of deploying compared to 

other implementation of reverse car-searching. Simulation 

results show that the model can effectively solve the reverse 

car-searching problem in the parking lot, save drivers’ time 

and improve the utilization of parking facilities. It is really 

useful for that person who can be easily lost in large buildings 

and parking lots. The limitation of this work is that it not be 

deployed in real condition for testing, which is our nearest 

future work.  
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