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Abstract
Thanks to the emergence of mobile computing technologies, location-based services (LBS) have been widely used.
Massive data of LBS user activities would be useful for
studying human mobility and urban computing. In this paper, we design and implement LBSLab, a system which
facilitates large-scale data collection of mobile user activities, and provides data visualization in an informative way.
LBSLab interacts with users via a mini-program built in the
WeChat app, assembling several representative locationrelated functions such as conducting check-ins. A mobile
user can join a data collection experiment by simply scanning a QR code. LBSLab can serve as an efficient system
to study the user behavior of LBS-related applications.
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Introduction
Location-based services (LBS), such as Foursquare, Yelp,
Skout, and Dianping, have been widely used in people’s
daily life. These services can be used for discovering useful

points of interest (POIs), to meet with new friends, or to
disclose a user’s presence and possibly share the feelings
or findings at certain places. These apps have recorded a
massive set of user activities in different locations, which
opens new opportunities for researchers to conduct datadriven studies on location-related user behaviors.
Given the emergence of location-centric mobile apps, user
behaviors are more likely to be posted on social networks,
such as the movements in urban cities. Researchers are interested in conducting data-driven studies to understand
the user behavior. There are several methodologies to
collect the user activity data from LBSNs. One is to use
questionnaire or do interviews [1]. Users are asked to answer a series of questions listed in a questionnaire, or to
attend a face-to-face interview at a certain venue. Another
one is to build a dedicated mobile app and attract users to
use it frequently [3]. However, a participant has to download/install the app. It is challenging to motivate people to
get involved [4]. Alternatively, researchers might want to
crawl publicly accessible information of a selected app, for
example, Foursquare. However, they can only gain a limited
view of the user activity due to the privacy settings by the
LBSNs or users themselves.
In this paper, we present LBSLab, a data collection system
to study mobile user activity from a location-centric perspective. LBSLab is based on the WeChat app, running as
a WeChat mini-program. A user can perform a number of
location-centric activities via the mini-program, and the user
data will be collected automatically for research. In short,
LBSLab serves as a link between researchers and mobile
users. It allows users to conduct a set of location-centric
activities, such as performing check-ins at selected POIs,
obtaining the weather information, and uncovering nearby
users. A mobile user can join the experimental study easily

by scanning a QR code, overcoming the difficulties of downloading and installing a mobile app manually. LBSLab supports a front-end and a back-end. The front-end, interacts
with mobile users directly. The back-end server empowers the entire system. It serves as a logically centralized
database to manage users, to collect and annonymize the
user activity data. We have implemented a real-time visualization module to show the latest user activities. Note that
LBSLab respects the user privacy. Each user will be explicitly informed about what kind of data will be recorded.
We present the design rationale, implementation details,
and the potential usage of the LBSLab system, including
the ensemble of LBSs, the convenience to access and usage, and the preliminary visualization of the collected data.
Our contribution covers three aspects. First, we develop
a system called LBSLab for user data collection in mobile
environments, providing a convenient way for users to participate. Second, we build a proof-of-concept implementation of LBSLab, which have been tested by more than 1,600
users. We develop a WeChat mini-program to serve as the
front-end, supporting a set of representative location-based
services. Also, we launch a back-end server to manage
these services and collect the data. We also introduce a
visualization module for researchers to view the collected
data efficiently. Third, to attract more users, we introduce an
incentive mechanism in LBSLab by awarding “mayorship”
title to the user for the top check-ins at one POI, and virtual
coins for consecutive usage.

Design of LBSLab
In this section, we present the design of LBSLab. We first
explain the reason why we choose WeChat mini-program
as the carrier of LBSLab. Then we introduce the functions
offered by LBSLab. Also, we show examples of the realtime visualization of users’ activities.
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Figure 1: Check-in Tab

The Reason of Building a WeChat Mini-Program
We build LBSLab on top of WeChat, a popular mobile social
app. WeChat has attracted more than 1 billion monthly active users around the world 1 . Originated in China, WeChat
also has now a large number of users in Southeast Asia,
Europe, and the US. Besides supporting the basic instant
messaging function, WeChat have launched mini-programs
since Jan. 2017, i.e., “sub-applications” within the WeChat
ecosystem. Developers can build mini-programs using
Javascript (JS) and a set of proprietary APIs. For a WeChat
user, she just needs to scan a QR code to instantaneously
install and execute a light-weight mini-program, saving the
cost of downloading, installing, and managing a dedicated
mobile app. There were more than 580K mini-programs on
WeChat in Jan. 2018, offering users numerous services
such as location-based services, task management, ecommerce, and real estates. A large number of companies,
including Google, Amazon and Microsoft, have launched
their mini-programs.
Given the huge population of WeChat users, and the convenience of accessing the emerging mini-programs, we
decide to implement LBSLab in the form of a WeChat miniprogram. After scanning the QR code of the mini-program
of LBSLab, a WeChat user can access LBSLab directly.
After entering the mini-program, a user can use different
kinds of location-centric functions. Also, there is a back-end
server to manage all participants concurrently, and to collect and analyze the user activity data.
Overview of Our Mini-Program
Our mini-program supports several representative locationrelated functions, including conducting check-ins at nearby
venues, checking the weather of a selected location, and

Figure 2: Discover Tab
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1
http://www.businessinsider.com/wechat-has-hit-1-billion-monthlyactive-users-2018-3

exploring the nearby area. We use a navigation bar to support a smooth switch between these functions. These functions are very useful in urban environments, which could
motivate the users to be more active. The currently implemented functions are listed as follows.
• Check-in: The check-in function allows a user to publish her real-time location. Fig. 1 shows the check-in
function of LBSLab. Users can request for a list of
nearby POIs, and select the most suitable POI to disclose her presence. With the help of check-in data,
we can explore the human mobility patterns.
• Discover: The discovery function helps users look
around [2]. Fig. 2 shows the interface of the discovery function. On one hand, one can see other nearby
users of LBSLab. On the other hand, one can also
check nearby POIs of a selected type, such as shopping malls, metro stations and restaurants. It is a useful function when a user is exploring around.
• Weather: As shown in Fig. 3, LBSLab also allows
a user to check the weather information, including
the current weather status and the weather forecast
for the coming three days. A user can request the
weather information for her current location.
These three types of functions can be used to collect users’
spatial and temporal information. To encourage user engagement, virtual coins have been introduced to encourage
users to be more active on LBSLab. One user will receive 2
coins (at most) for every operation within one day, and additional 10 coins for a whole week participation. The bonus
can be accumulated if the user keeps on participating in
LBSLab from time to time. The virtual coins can turn into
money according to a pre-defined rule. In addition, similar

to Foursquare, we also introduce the concept of “mayorship”, encouraging the users to check-in more at a certain
POI. This function motivates users to join a “social game” to
interact with each other.
In addition to the location-based services, there is also an
“account” tab on the navigation bar, shown in Fig. 4. This
tab displays the personal information of a user, and the virtual coins she has earned. Also, we use a ranking list to
show the most active users according to recent activities.

Figure 3: Weather Tab

Visualization of User Activities
The back-end server maintains a detailed eventlog to record
the activities of the users. The eventlogs track users’ operations including logging in and accessing each LBS service
tab. Each log entry records the timestamp, the user’s nickname, the WeChat ID used to communicate with the backend server (so that to distinguish between users with the
same nicknames), the longitude and latitude of the user’s
location, the operation type, and the IP address. In particular, the eventlogs about the login operation also record the
information of mobile devices used. Examples are shown
as below. From the first entry we see that this user used the
LBSLab to check the weather at 20:35:43. The login eventlogs collect the additional device information including the
operating system and the phone brand.

[20:35:43] user(openid=oH4wc0W ∗), at(31.19, 121.59),
action(Weather), addr=202.120.234.105.
[21:55:05] user(openid=oH4wc0W ∗), at(31.19, 121.59),
action(Login), "userSystemInfo":"batteryLevel":100,
"brand":"iPhone", "language":"zh_CN ", ...,
addr=117.136.8.247.
Figure 4: Account Tab

Within half a year, LBSLab has attracted 1,616 users, generating more than 4,152 check-ins and 10,365 weather re-

quests. Based on the eventlogs, we visualize the change
of the LBSLab user base, which can be accessed conveniently on an HTML page. We also provide the visualization
of the basic statistics of user activities to help researchers
better understand the collected datasets. Examples are
shown in Fig. 5. Fig. 5(a) shows the curve of the usage
frequencies for each of the functions over a month, while
Fig. 5(b) shows the distributions of the frequencies over
each function during a day. Fig. 5(c) is the heatmap showing the geographical distribution of check-ins in Shanghai.

Implementation Details of LBSLab
In this section, we go through the key implementation details of LBSLab, including the mini-program and the backend server.
The overall framework of the mini-program is created by using the developing toolbox provided by WeChat. As shown
in Fig. 1-Fig. 4, there is a navigation bar at the bottom.
Each element of this bar links to one service page, i.e., the
weather, check-in, discovery and account pages. We need
four types of system files to build each page. The settings
of the entire mini-program are written in JSON files, defining
the system parameters such as the path of each page and
the color style of the pages. The WXML files act like HTML
files, describing the structure of the page and the constitution of all elements on a page. The WXSS files work as
the style sheets, describing the design of a page, such as
height and width in pixels. Finally, we use JS files to implement the logic of the entire service. For example, we can
use a JS file to define that clicking a certain button will redirect the users to the “Privacy Policy” items.
WeChat offers a comprehensive set of location-related
APIs, which are quite helpful to implement LBSLab. For
example, we use the wx.getlocation() API to locate a user,
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(a) Days of a Month

(b) Hours of a Day

(c) Heatmap

Figure 5: Visualization of User Activities

which could return a pair of GPS coordinates, i.e., the latitude and longitude information. We further use the resverseGeocoder() function of the Javascript SDK offered by
the Tencent LBS service to get the nearby POIs. When a
user moves between different pages, the mini-program will
communicate with the back-end server to report the latest
status by sending an HTTPS request. To get the weather
information, we refer to the data provided by the public Yahoo Weather API 2 . Also, we use the Tencent map API 3 to
implement the POI discovery function.
We build a proof-of-concept implementation of the backend server of LBSLab, and deploy it on Tencent Cloud, a
well-established cloud computing service 4 . We use Apache
HTTP Server to build the server. For each LBSLab user, an
open ID will be assigned by WeChat as an authentication

2

https://developer.yahoo.com/weather/
https://map.qq.com/
4
https://cloud.tencent.com/
3
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for communications with our server. The server is also responsible for interacting with the mini-program running at
each user’s mobile device. A randomly generated session
ID will be assigned for each user each time when she logs
in. Note that the mini-program will log out automatically after 5 minutes of dull time. Session IDs are helpful to protect
the safety of users’ information during the usage of LBSLab.
The communication process operates as follows. For example, to complete a search of nearby LBSLab users, a
user’s current location will be reported by the running miniprogram on her mobile device to the back-end server, and
the server will return a list of nearby users. To record the
up-to-date user information and activities, we use a MySQL
database. The database is able to support requests from
multiple LBSLab users concurrently.
The visualization module in the back-end reads the corresponding eventlogs and updates the curves every two
hours. Researchers can view the user base timely through
an HTML page. Fig. 5 demonstrates the interface of the

In addition, our system presents a strict privacy policy under the framework of WeChat, making sure that all the data
collected and used are under the approval of the users.

commodity PCs. Such a cluster can manage all users in a
logically centralized way. LBSLab can be used to conduct
experiments objecting to different user groups, through advertising the LBSLab application to different communities in
real life. In addition to the current applications and incentive
mechanisms assembled, researchers can modify or extend
the current implementation to provide other applications
tailored for their studies.

Discussion and Conclusion
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visualization module, including the access patterns of different functions within a month, the use frequency of different
functions within each hour, and a heat map showing the
geographic distributions of LBSLab users in Shanghai.

The collected data are valuable from many aspects. For
example, the collected location trajectories can be used
to analyze human traffic in urban cities. The locations reported when users access other tabs instead of publishing
their locations through check-ins can be used to study their
unannounced trajectories. The “mayorship” and virtual coin
awards can be used to integrate various incentive mechanisms. Currently, we implement the back-end of LBSLab
with a single back-end server. In order to serve more users,
the back-end server can be implemented by a cluster of
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