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O2O marketing services are gaining attention. These ser-
vices promote sales and encourage people to visit actual 
shops based on customer location information acquired 
through smartphones. Issues with the O2O marketing ser-
vice include how to combine high-accuracy user location 
estimation using various smartphone sensors with reduced 
power consumption, provide information delivery oppor-
tunity controls and perform marketing through analysis of 
customer behaviors. 
NTT DOCOMO has developed behavior sensing technology 
that estimates position using abstracted map information 
and provides flexible information delivery controls to re-
spond to customer behaviors etc., and visualization for cus-
tomer behavior analysis. Including some of these technolo-
gies in Air Stamp®*1 enables timely and energy-saving lo-
cation-based information delivery and detailed customer 
behavior analysis. 
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1. Introduction 

Using the sensors built into smartphones 

enables provision of services linked to 
indoor/outdoor customer location in-

formation. These services can encour-

age shop visitation by delivering elec-
tronic coupons for shops in the custom-

er’s current vicinity to the customer’s 

smartphone and deliver in-store product 
recommendations. Predicted to expand, 

the size of the market for these “Online 

to Offline” (O2O) marketing services*2 
could reach approximately JPY 236 bil-

lion by 2020 [1]. 

O2O marketing services aim to en-
courage customer shop visitation, mi-

gration and purchase by providing in-

teraction with store information, prod-
uct information and coupons etc. With 

this technology, we believe it will be 

possible to more effectively achieve the 
objectives described above by provid-

ing content matched to customer pref-

erences and needs, and matched to cus-
tomer locations and their presence in 

areas in a timely manner. 

† 

*1 Air Stamp®: A registered trademark of
NTT DOCOMO, INC. 

*2 O2O marketing services: Information ser-
vices which aim to influence customer purchas-
ing behaviors in actual stores by making use of
interaction with information on the Internet. 

 
 
 
 
 
 

† Currently Corporate Strategy & Planning  
Department 
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As basic technology for providing 

O2O marketing services, NTT DOCOMO 

has developed a behavior sensing system 
that integrates developments for (1) en-

ergy-saving location estimation, (2) flexi-

ble information delivery controls, and (3) 
visual analysis of customer behaviors. 

This system has been included in the 

“Air Stamp” [2] location information 
platform provided by NTT DOCOMO. 

This article presents O2O marketing us-

age cases, and describes an overview of 
the behavior sensing system as well as 

examples of deploying it into Air Stamp. 

2. Usage Cases 

In providing O2O marketing using 

behavior sensing system, we assume 
the three usage cases of encouraging 

customer store visitation, migration and 

sales promotions in commercial facili-
ties such as shopping malls, department 

stores and train station buildings in which 

there are many shops as well as shops 
such as supermarkets, home improve-

ment centers and convenience stores. We 

assume that privately owned smartphones 
(hereinafter referred to as “terminals”) 

will be the main destination for infor-

mation delivery, although tablets on 
shopping carts in supermarkets or home 

improvement centers could also be tar-

geted. 
•  Store visitation promotion: The 

system delivers information when 

customers are in the vicinity of 
commercial facilities or shops 

using outdoor location information. 

The system also provides cus-

tomers with a welcome message 

upon entering a store, and de-
livers a survey upon leaving. 

•  Migration promotion: To get 

customers to visit more shops in 
commercial facilities or in-store 

points of sale, the system deliv-

ers information on shops and in-
store points of sale they have 

not yet visited or shop and point 

of sale recommendations. Like 
a stamp rally, the system deliv-

ers a coupon when the customer 

has visited all designated shops. 
•  Sales promotions: Using indoor 

location data, the system deliv-

ers information matched to the 
point of sale or product display 

shelving. This involves replay-

ing videos about products di-
rectly in front of product display 

shelving to attract customer at-

tention, and displaying coupons 
available for use if the customer 

is at a point of sale for a certain 

amount of time, and is unsure 
about making a purchase. 

Commercial facilities and shops can 
view visualizations of customer shop 

visitation behaviors and in-store move-

ments to uncover issues, and go through 
the “Plan Do Check Act” (PDCA) cycle*3 

to consider measures (plan), enact them 

(do), measure results (check), and im-
prove content and timing of delivered 

information (act) to maximize effective-

ness of measures etc. 

3. Behavior Sensing 
System 

3.1 System Configuration 
To realize a system to handle the 

aforementioned usage cases, functions 

for (1) energy-saving location estima-

tion, (2) flexible information delivery 
control and (3) customer visitation be-

havior and in-store movement visual 

analysis are required. We developed a 
behavior sensing system to provide and 

integrate these three functions. Figure 1 

describes an overview of the system. 
(1) Energy-saving location estima-

tion functions (Fig. 1 (1)): To es-

timate terminal location, the sys-
tem generally acquires values 

from various sensors in termi-

nals such as GPS, Wi-Fi®*4, 
Bluetooth® Low Energy (BLE)*5 

and makes various computations 

on the values acquired to con-
vert them to location information. 

Conventionally, because a sys-

tem has to do location estima-
tion regularly and often by sen-

sor scanning to continually de-

termine customer indoor/outdoor 
location or presence, and deter-

mine detailed customer position-

ing at the level of in-store prod-
uct display shelving and the time 

that customers are present in an 

area, there is an issue with in-
creased load on the customer’s 

terminal battery. Therefore, since 

*5 BLE: An extension of the Bluetooth short-range
radio communications specifications, added in
Bluetooth version 4.0, and characterized by its
low-power communications. Bluetooth is a reg-
istered trademark of Bluetooth SIG Inc. in the
United States. 

*3 PDCA cycle: A method of ensuring smooth
running of business. The PDCA cycle entails 
repeatedly and continually running through the
four steps of (1) Plan (planning), (2) Do (per-
forming), (3) Check (measuring results) and (4)
Act (making improvements). 

*4 Wi-Fi®: A registered trademark of the Wi-Fi Al-
liance. 
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(2) Flexible information delivery control 
functions enabled by ECA rule engine

(3) Customer behavior visual analysis 
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Figure 1  Overview of behavior sensing system 

customers may spend several 

hours shopping in a commercial 
facility, the amount of power 

consumed by the terminal dur-

ing that time must be reduced. 
However in general, it is possi-

ble to lengthen the interval that 

data is acquired from sensors to 
lower power consumption but 

location estimation accuracy will 

be lower as a result due to a 

trade off between power con-
sumption and estimation accu-

racy [3]. To solve this issue, we 

developed a location estimation 
engine, called “Abstract Loca-

tion Engine (ALE).” It runs on 

the terminal, and combines en-
ergy saving with location esti-

mation accuracy at the product 

display shelving level in-store, 

and at the shop level outdoors. 
ALE achieves this using an ab-

stracted map with a node and 

link configuration (described lat-
er) to compensate for location 

estimation errors caused by more 

infrequent acquisition of values 
from sensors, and performs path 

interpolation. 
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(2) Flexible information delivery con-

trol functions (Fig. 1 (2)): For 

flexible information delivery, the 
system requires functions to an-

alyze customer attributes such as 

age and gender available from 
store membership card registra-

tions, and purchasing history 

acquired from store Point-Of-
Sale (POS) information to de-

liver information to each cus-

tomer tailored to their needs and 
preferences, and linked with their 

location or presence in an area. 

Further, the system has to be 
able to handle demands from 

commercial facilities and shops 

to quickly perform new measures 
or change the content or timing 

of delivered information while 

measuring the effectiveness of 
measures. These demands can 

be met with Event Condition 

Action (ECA) rules. ECA rules 
consist of event, condition and 

action statements to control in-

formation delivery discussed in 
the aforementioned usage cases. 

An ECA rule engine runs on the 

terminal to execute the ECA 
rules, and compares the stated 

delivery rules with terminal states 

such as location data, time data 
and application operation logs 

to perform operations such as 

displaying content or notifying 
a server when specified condi-

tions are met. Because ECA 

rules set in the server are imme-

diately reflected in the applica-

tion, it is possible to quickly 
handle new measures or change 

measures without updating the 

terminal application. 
(3) Customer behavior visual anal-

ysis functions (Fig. 1 (3)): To 

study measures and measure ef-
fectiveness, the system requires 

functions to visualize customer 

store visitation and in-store be-
haviors such as flow lines and 

crowding. The customer behav-

ior visual analysis functions in-
clude functions for real-time dis-

play of basic information such 

as numbers of customers who 
visited shops, numbers of repeat 

visitations and the time that cus-

tomers were present based on 
specified dates, times or demo-

graphic attributes*6, as well as 

analysis based on automatic cus-
tomer classification using indi-

vidual flow lines, crowding con-

ditions and flow patterns. 

These three functions are described 

in details as follows. 

3.2 Energy-saving Location 
Estimation Functions 
Enabled by ALE 

1) ALE Overview 

ALE is incorporated into applica-
tions running on the user’s terminal to 

estimate the location of the terminal us-

ing the combined values of various sen-

sors such as GPS, Wi-Fi and BLE. 

(1) Node and link configuration 
ALE corrects location estima-

tion errors due to infrequent sensor 

value acquisition and noise in meas-
ured sensor values using map in-

formation abstracted with the node 

and link configuration, and then out-
puts results of location estimation in 

abstracted units called “nodes.” 

The abstracted map used by 
ALE displays areas for location es-

timation such as shops or commer-

cial facilities as a graph structure 
with nodes and links. An example 

of an abstracted map of a commer-

cial facility converted into nodes 
and links is shown in Figure 2. 

•  Setting nodes 

O2O marketing service provid-
ers set locations where it is desira-

ble to acquire information such as 

in front of shelving displaying sale 
items or at intersections in aisles as 

nodes in the abstracted map. The 

aforementioned information includes 
user behaviors such as passing traf-

fic or presence in areas. There are 

two types of nodes, indoor nodes 
and outdoor nodes. User presence in 

outdoor nodes is determined from 

GPS positioning. At indoor nodes 
where GPS radio waves are una-

vailable, user presence is determined 

from the signal strength of short-
distance radio communication de-

vices such as Wi-Fi access points 

 
 
 
 
 

 
 
 
 
 
 

*6 Demographic attributes: Information from
population statistics used to characterize cus-
tomers. These include attributes such as gender,
age, job and number of persons in the family
unit. 
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Figure 2  Example of abstracted map with node and link configuration 

and BLE tags set up in the area. 

•  Setting links 

The links in the abstracted map 
represent aisles, and are only set for 

routes between nodes through which 

people can physically and directly 
move. For example, as shown in 

Fig. 2, there is no direct route be-

tween Shop A and Shop B, which 
means the only passage is through 

the nodes in the thoroughfare in 

front of the shops. Hence, there are 
no direct links connecting nodes in 

Shop A with those in Shop B. In-

stead, there is a link connecting 
Shop A entrance with the thorough-

fare in front of the shops, and a link 

connecting the thoroughfare in front 
of the shops with the Shop B en-

trance. There are also weights set 

for links. These weights represent 

the cost required for people to move 

node to node, where the larger the 
weight, the longer the time it takes 

to move. An example of a weight 

value could be the direct physical 
distance between the centers of nodes. 

These weights are used to correct 

location estimations, as described 
below. 

(2) Location correction using node 

and link information 
Using this node and link infor-

mation, ALE suppresses the degra-

dation of location estimation per-
formance. The time required to transi-

tion between nodes is calculated us-

ing the link weights and average 
speed of movements of people. ALE 

compares node transitions results 

with positioning results to deter-

mine whether there are any abnor-

malities with the location estima-
tion results and hence prevents er-

roneous location estimation results 

from being output. 
(3) Node interpolation 

There is a higher chance of events 

occurring in which user presence at 
nodes cannot be detected with ALE 

due to the longer sensor value ac-

quisition interval to lower power 
consumption. Hence, when ALE 

detects a node transition that is not 

a possible direct transition on the 
link configuration, its node interpo-

lation function provides a supple-

ment by predicting the optimal path 
based on the link structure. 
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Table 1  ECA rule engine event list 

Event list (partial) 

Screen change notification 

Screen unlock 

Change to node estimated by ALE 

Enter/leave registered area (region) 

GPS-acquired coordinate change 

<Rule id = 1000>
<EventSet>

<Event type=“AleNodeIdChanged”>
</EventSet>

<ConditionSet>
<CompareGt op1=nodeid op2=“100” />
….

ECA rules (XML file format)

Server Terminal application

Rule 
delivery

Rule 
loading

ECA 
rule

ECA 
rule

ECA 
rule

ECA rule engine

ALE Various 
sensors

Terminal 
state 

detection

State change 
notification

 
Figure 3  ECA rule engine overview 

2) ALE Evaluation Experiments 

As described above, while saving 

energy, ALE performs the above loca-
tion correction and node interpolation 

using abstracted map information to ac-

curately estimate location at the shelving 
level indoors and at the shop level out-

doors. In testing performed in FY 2014, 

we installed ALE in a commercial facil-
ity application and performed experi-

ments to evaluate power consumption. 

We confirmed that it contributes to an 

approximate 36% to 40% power con-

sumption reduction, and that the loca-

tion estimation performance is hardly 
degraded at all even when the sensor 

value acquisition interval is doubled. 

3.3 Flexible Information Delivery 
Control Functions Enabled by 
ECA Rule Engine 

1) ECA Rule Engine Overview 

An overview of the ECA rule engine 

is shown in Figure 3. As a function 

that runs on the terminal, this interprets 

and executes an eXtensible Markup 

Language (XML)*7 file that contains 
the ECA rules describing the event, con-

dition and action statements. As shown 

in Table 1, events such as changes to 
ALE location estimations or terminal 

screen display are used as opportunities 

to execute ECA rules. 
Figure 4 shows the flow of ECA 

rule processing. When a change occurs, 

the ECA rule engine checks whether 

*7 XML: A markup language for describing the
meaning and structure of text and data advocat-
ed by the World Wide Web Consortium (W3C).
It can be expanded, and users can specify their
own unique tags. 
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statement?

Have all rules been 
processed?

 
Figure 4  ECA rule process flow 

the change is an event described by the 

event statements in the ECA rules. Events 

that correspond to ECA rules are de-
termined by the conditional statements 

described in Table 2. Conditions are 

determined not only as current condi-
tions by comparing with node IDs es-

timated by ALE or terminal status, but 

also compared to variables set for other 

ECA rule actions and so forth so that 

comparisons with past conditions are 
also possible. When conditions are sat-

isfied, the processing described in the 

action statement is performed. Action 
statements specify identifiers for content 

to be displayed, and can be used to pro-

vide information to suit conditions. Apart 

from displaying specified content, ac-

tions such as notifying a server of shop 
visitation events or setting conditional 

variables for numbers of visitations can 

be specified, as shown in Table 3. 
ECA rules are highly versatile like a 

kind of programming language. The ECA 

rule engine has a mechanism to acquire 
ECA rules from a server and synchronize 

them. Service providers can describe 

ECA rules for campaign measures and 
deliver them to terminals so that they can 

immediately implement measures without 

updating or redistributing applications. 
They also can perform different measures 

for individual users by switching ECA 

rules to be delivered for user IDs. 
2) Usage Cases 

We describe two usage cases for 

ECA rules. 
•  In the first usage case, a user is 

unsure about making a purchase 

from a product display shelf and 
a discount coupon is delivered 

to prompt the user to make a de-

cisive purchase. This is achieved 
by describing an ALE estimated 

node change in the event state-

ment, presence at the node for 
the product display shelving 

longer than a specified amount 

of time in the condition state-
ment, and coupon content dis-

play in the action statement. 

•  In the second usage case, a spe-
cial coupon is delivered when a 

user visits all specified shops, as 
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Table 2  ECA rule engine condition list 

Condition list (partial) 

A variable and specified constant are equal 

A variable is lower than specified constant 

Two specified variables are equal 

All specified conditions are satisfied 

At least one specified condition is satisfied 

Table 3  ECA rule engine action list 

Action list (partial) 

Content display 

Server notification 

Enable/disable specified ECA rule 

Region registration 

Set value to variable 

in a stamp rally. In ECA rules, 

when it is determined that a speci-
fied shop has been visited from 

ALE location estimation, the state 

of whether there was a visit to 
the shop is retained by the action 

statement, which writes a spe-

cial variable. Then, in the condi-
tion statement, it is possible to 

control special coupon delivery 

by determining whether all spec-
ified shops have been visited. 

3.4 Customer Behavior Visual 
Analysis Functions 

These functions include functions for 

real-time display of basic information 
such as numbers of customers who vis-

ited a shop, numbers of repeat visita-

tions and the time that customers were 
present based on specified dates, times 

and demographic attributes, as well as 

the following three special functions. 
(1) Individual flow line visualiza-

tion: Chronological analysis of 

flow line characteristics of indi-
viduals 

(2) Crowding level visualization: 

Analysis of user presence in ar-
eas by each gender/age group/date 

and time/flow line pattern 

(3) Visualization of flow line pat-
tern characteristics: Automatic 

analysis of flow line patterns 

The following describes usage ex-
amples of these functions. 

(1) Visualization of individual flow 
lines enables understanding of 

the paths that customers follow 

from entering a store until leav-
ing it, and their reaction to de-

livered information. For exam-

ple, this makes it possible to 
compare individual customer 

paths before and after delivering 

information on certain point of 
sale specials upon store entry or 

around points of sale. 

(2) Visualization of crowding ena-
bles display of customer pres-

ence at nodes as a heat map on 

the store map in which areas 
with many customers present 

are displayed in red and areas 

with few customers are dis-
played in blue. Taking into ac-

count these traffic conditions, this 

function enables planning, hold-
ing and measuring effectiveness 

of point of sale events on cer-

tain days of the week or at cer-
tain time slots, repositioning staff 
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Location of user (cluster 2)

Word cloud for 
each cluster Heat map

 
Figure 5  Customer behavior visualization and analysis functions 

to handle crowding at cash reg-

isters, and evaluation of the chang-

ing amounts of time that custom-
ers are present in areas. 

(3) Visualization of the characteris-

tics of flow line patterns entails 
classification of user flow lines 

using document classification 

technology, and display of them 
with Word clouds*8. Documents 

are classified according to the 

frequency of occurrence of words 
in the document. The names of 

products on display at each node 

are associated with each node in 
advance, a node names log with 

each store visit is viewed as a 

document, and node names in a 
document are viewed as words, 

and Latent Dirichlet Allocation 

(LDA)*9 is used to classify flow 
lines into clusters. Figure 5 

shows the automatically gener-

ated cluster 2 for flow lines of a 

user who frequently presents at 

nodes where there are side dish-

es, bread, fried foods and bento 
boxes, and displays these points 

of sale in the upper right of the 

heat map in red, indicating a 
high presence of the user. This 

means measures such as sales 

promotions to appeal in particu-
lar to cluster 2 customers at the 

points of sale in the upper right, 

prompting them to visit other 
areas that they do not visit much, 

or changes to store layout could 

be studied based on this analysis. 

4. Implementation 
Technology into  
Air Stamp 

We have included the behavior sens-

ing system ALE in the “Air Stamp” lo-
cation information platform provided 

by NTT DOCOMO. Air Stamp has been 

designed for shops such as supermar-

kets or restaurants, and commercial fa-

cilities to develop services converging 

the real with the Internet by linking lo-
cation information so that coupons, and 

information about events and building 

directions can be delivered to users 
based on smartphone location estima-

tions. 

This behavior sensing technology 
enables well-timed and energy-saving 

location-based information delivery and 

detailed analysis of customer behaviors. 
As shown in Figure 6 (a), on shelving 

displaying a range of different products, 

information delivery pin-pointed for 
certain products on the display is possi-

ble in front of the shelving. In addition, 

as shown in the train station example in 
Fig. 6 (b), corrections can be made for 

flow lines that cannot actually exist in 

commercial facilities to raise the accu-
racy of customer movement analysis. 

We are proceeding with studies on the 

release of Air Stamp supporting these 

 
 

*8 Word cloud: A visualization method in which
the size of words expresses the frequency of
their appearance. The larger the characters, the
more frequent the appearance of the word. 

*9 LDA: A machine learning technique that classi-
fies documentation based on the topics related

to words that appear in the documentation. 
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Flow line corrected 
with ALE

Platform

Platform

Tracks

New ice cream 
now available!
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Figure 6  Location-based information delivery (a) and more accurate customer behavior analysis (b)  

using this behavior sensing technology 

functions. 

5. Conclusion 

This article has described behavior 

sensing technologies that integrate func-
tions required for O2O marketing ser-

vices, and an overview of the system. 

Using this system, commercial facili-
ties and shops will be able to quickly 

implement the PDCA cycle for various 

measures. 

We plan to incorporate knowledge 

and data gained from the results of de-
ploying Air Stamp services in various 

commercial facilities and shops into 

customer behavior analysis and use it to 
study how to make system operations 

more efficient. 
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