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Abstract - Recently, various services using the location in- technology outdoors acquire the positional information of the
formation are developed with the wide spread of smartphonesuser terminal from GPS and determine inside and outside of
Geo-fencing is one of the services. In Geo-fencing services,Geo-fence using this information. In addition, there is another
terminals automatically carry out the some processing associthe positional information acquisition method using HexRinger[4]
ated with the virtual border when they detect that themselvesusing the radio field strength (Received Signal Strength Indi-
passes the border. However, it is a problem that power savingcator, RSSI) from base stations. As for the indoor position es-
of Geo-fencing service covering over indoors and outdoorstimation method, there are techniques to estimate using wire-
with high accuracy. In this paper, we propose indoor/outdoor less communication technologies[5], [6], a technique using
estimation method using various types of sensors with smallpositional information and RSSI of the wireless LAN base
power consumption. The results of the evaluation experimentstation[7], and techniques using the Fingerprint method[8],
show that the proposed method can estimate the movement if@] . About the use of Geo-fencing service only outdoors or
indoor and outdoor with 82.14% accuracy, and this method isonly indoors, acquisition technology of positional informa-
an effective means for indoor and outdoor Geo-fencing ser-tion mentioned above can be used depending on use position.
vice. However, if a Geo-fence passing over indoor and outdoor ex-
ists, it is necessary to use acquisition technologies of posi-
Keywords: Indoor/outdoor estimation, Magnetism sensor, tional information indoor and outdoor together.
lllumination sensor, Temperature sensor, Geo-fencing, M2M

1 INTRODUCTION At the time of using Geo-fencing technology, the point where
it is necessary for user terminals to keep acquiring own posi-

By the wide spread of smart devices with GPS (Global Po- tional information becomes the big problem. Generally, Geo-
sitioning System), the acquisition of the positional informa- fencing technology which turns on GPS function always has
tion become easier. Therefore the demand for location-basedarge power consumption of the terminal. The state that al-
services which provide appropriate service depending on theways activated GPS function consumes power of approxi-
position of the user increases. Geo-fencing technology[1] ismately 120 times in comparison with a standby state[10]. Be-
one of the M2M (Machine-to-Machine) type services and at- cause the battery capacity of the user terminal is not so large
tracts attention recently. at this time, the problem of this power consumption short-

Geo-fencing technology sets the virtual border on a map. ens the available time of Geo-fencing service. Reference[11]
This technology detects the positional relations between thistries to reduce power consumption of terminals at the time
border and target terminal, and let the terminal perform prede-of the acquisition of the positional information by combining
termined processes automatically according to the relationsmovement detection function, switching function of position-
Location-based service can be easily provided for terminalsing means, and positioning function with variable interval to-
by using Geo-fencing technology. There are some type ofgether. However, an effect of the power reduction becomes
services using Geo-fencing technology such as “Gotouchi in-small by Geo-fencing service including indoor situation be-
formation”[2], “Arrived”[3], 020 (Online to Offline) services  cause this method assumes only the outdoor positioning. On
that let the information of the neighboring store link the posi- the other hand, Ref.[12] reduces power consumption by de-
tional information of users, and position monitoring services. tecting the situation that GPS positioning is impossible in-
The monitoring system in prisons and nursing homes are ex-cluding the indoor from temperature information, and turning
ample of position monitoring services using Geo-fencing. It off GPS function. For reduction of useless power, it is nec-
is necessary to manage the target person surely in such facilessary to switch GPS function and indoor position estimation
ities, but it is undesirable to restrict the target indoors from a method when indoor Geo-fencing is assumed. However, there
humanitarian point of view. The use of Geo-fencing is con- is the situation that effective power reduction is difficult, be-
sidered as a solution for these problems. The monitoring sys-cause the temperature information depends on seasons and
tem sets the movement allowable range of the target persorweathers and indoor/outdoor estimation with high accuracy is
outside of facilities as a virtual border on the map. difficult. In this paper, we examine method to improve the

To realize the service using Geo-fencing technology, it is power consumption of Geo-fencing service by realizing in-
necessary to acquire positional information with high accu- door/outdoor estimation with high accuracy using the inten-
racy, because it is necessary to determine inside/outside osity of illumination and the quantity of magnetism in addition
Geo-fence accurately. Most of services using Geo-fencingto temperature information.
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2 RELATED WORK 2.2 Power saving method using movement
timing of indoors/outdoors
2.1 Power saving method using restraint of GPS greatly consumes electric power at the time of the de-

tection of the GPS satellite. Therefore, it will use too much
useless electricity to keep GPS on in the place where GPS
positioning is difficult such as indoor place. Reference[17]

Many existing restraint methods of the large power con- aims at the reduction of the consumption electricity by stop-
sumption of GPS positioning use three following functions PiNg GPS positioning on the place where GPS positioning
such as movement detection function, switching function of is difficult, and restarting GPS positioning on movement to
positioning means, and positioning function with variable in- the place where GPS positioning is possible (i.e., outdoors).
terval. The movement detection function is used to control When a terminal moves from indoors to outdoors or from
sensing and positioning frequency when a user terminal stand@utdoors to indoors, the temperature around the terminal is
still. When a terminal can determine that the user of the ter- more likely to greatly change. Reference [17] proposes the
minal is in a stationary state from positional information ac- €stimation method of movement timing between outdoor and
quired from GPS, the terminal stops GPS, starts an accelerindoor using temperature information. This method period-
ation sensor and watch the state of the terminal. When aically records the ambient temperature of the terminal using
terminal starts to move and acceleration data are measured® temperature sensor. And this method estimates the timing
the terminal stops the acceleration sensor and start GPS. Bethat it is moving from indoors to outdoors or from outdoors
cause the user repeats a stationary state and a movement state indoors when the temperature greatly changed.
this method can control the positioning in a stationary state, Reference [18] investigates the average indoor temperature
and enable effective power saving. However, the movementof each season in Tokyo of 2010. Table 1 shows the compari-
detection function by the acceleration cannot control power Son result between the average indoor temperature of Ref.[18]
consumption in the state that a terminal continues moving.and the average outdoor temperature observed by Japan Me-
Therefore Ref. [13] expands the movement detection func-teorological Agency in 2010. According to this result, there is
tion by adding a function to change the movement detection
timing with the acceleration sensor according to the distance
to the virtual border. By this function, GPS is kept in a sleep

GPS positioning

Table 1. The indoor and outdoor temperature difference in

state for a long time Tokyo of 2010
' Avg. Indoor | Avg. Outdoor
The switching function of positioning means is used to switch Seasons|  temp.(C) temp.¢C) | Temp.diff.(°C)
to the positioning means with smaller power consumption de-  Spring 20.2 13.5 6.7
pending on environment. Reference [1], [14] consider a po- Summer 28.0 27.1 0.9
sitioning error standard of each positioning means and the  Fall 24.7 19.2 55
distance from the terminal to the virtual border using GPS  Winter 17.6 7.8 9.8

positioning and radio base station positioning. When the dis-

tance to the virtual border is longer enough than the position- yifterenceof temperature above a certain level between out-
ing error standard, power saving realizes by stopping GPSqqor and indoor in the season except the summer, and the
positioning with large power consumption, and switching the \,,qvement estimation to indoor or outdoor by the tempera-
positioning means to the base station pqsitioning with ?'T‘a"erture seems to be possible. However, the accurate movement
power consumption. By the space variableness positioningegtimation to indoor or outdoor is difficult only by tempera-
function calculating a virtual border and the distance of the re hecause there is little difference of temperature between
terminal to reduce the positioning number of times, and cal- jhqoor and outdoor in the summer and it is thought that the
culating the distance and the arrival time from expected ap-yifference becomes smaller by the structure of the building.
proach speed to the imagination border, and adjusting a posiyn 4qdition, when the terminal is assumed to be carried by a
tioning interval. user, the influence that the heating element except the atmo-
sphere such as the user’s body or terminal itself gives to the
temperature sensor grows large. Therefore, it is necessary to
improve the precision of the estimation of movement timing

The positioning function with variable interval reduces the
positioning number of times, by calculating the distance be-

tween the virtual border and the terminal, and calculating

the arrival time from the distance and the expected approactP€tween outdoor and indoor by using the information except
speed to the virtual border., and adjusting the positioning in- the temperature for the effective reduction of power consump-

terval[15], [16]. When this function is used, a prediction of tON-

the approach speed becomes the problem.

) 3 PROPOSED METHOD
Reference [11] proposes the reduction method of power

consumption of terminals in Geo-fencing services by combin-  The existing methods cannot estimate indoor/outdoor with
ing these movement detection function, switching function of high accuracy. We aim at the improvement of the precision
positioning means, and positioning function with variable in- of the indoor/outdoor estimation by using physical quantities
terval. except the temperature to the determination.
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3.1 Approach Estimating state
GPS:ON
At first, we examine the indoor/outdoor estimation method o A ON S |
. . itionil i . . ensor values
using the general sensor device except the temperature sensor "ngj”;f;;‘;glg MagneticSNSR:ON safisfy specified
to achieve our research purpose. Positioning is ﬂsﬁmoted to  Edimated T;\recwlremems
possible be outdoor

be indoor
Indoor state
GPS:OFF
Temp.SNSR:ON
lluminanceSNSR:ON
MagneticSNSR:ON

Outdoor state
GPS:ON
Temp.SNSR:OFF
llluminanceSNSR:OFF
MagneticSNSR:OFF

Intensity of illumination  The intensity of illumination has

the large difference of values between indoor and outdoor in
the daytime and also at night. In the daytime, the outdoor il-
lumination is about 10000 - 80000 lux. In contrast, the indoor
illumination is about 300 - 800 lux, and there is a difference
of about 100 times. In the nighttime, the outdoor streetlight

Figure 1: Statéransition diagram

fencing service uses GPS like existing method. If SNR of

is about 1.- 5 lux, and th.e br.|ghtness of the ful! moon is about all GPS signals are more than 20dB and GPS module of the
0.01 - 0.1 lux. The illumination of the general indoor fluores- . . : . .
terminal can communicate with more than 3 satellites, it is

cent lamp is about 300 - 800 lux. From this, it is thought that ‘udaed that positioning is possible and the state remains in
the illumination is effective for the indoor/outdoor estimation Juag P g1sp

both in the daytime and the nighttime. f[he out(_joors state. Otherwise_, itis judged_ that_ positioning is
impossible and the state transits to the estimating state.

In the indoor state, GPS positioning is stopped because
Quantity of magnetism  The quantity of magnetismis easy GPps is not available. Afterwards, if there is some available
to use for the estimation, because there is a large change in thg,ggor positioning techniques, GPS positioning is switched
quantity of magnetism indoors. Though the previous setting tg the technique. If some change is seen in one value among
including the measurement in the building is necessary to usehe acquired values by sensors (temperature, illumination, and
magnetism for indoor positioning estimation, only the obser- magnetism) in the indoor state, this method causes a transition
vation of the change in the quantity of magnetism is necessaryfrom the indoor state to the estimating state. It is a condition
for the indoor/outdoor estimation. to estimate to be movement out of the indoor as follows. If

each sensor satisfies the following conditions, it is considered
GPS signal We can guess that there is more likely to be the that the terminal moved from indoor to outdoor.
terminal indoors, if the terminal is in a condition not to be
able to acquire correct positional information using GPS. In
this case, the noise of the GPS is calculated from the signal to
noise ratio (S/N ratio, SNR). We can find the quantity of noise
from the SNR of the GPS satellite which communicated. The
indoor/outdoor estimation is possible using this quantity of
noise.

The standard power consumption of sensors measuring these
physical quantities is Table 2. According to the table, the

1. Intensity of illumination
The illumination sensor of the terminal measures the
intensity of illumination every 1 second and calculate
the standard deviation of the illumination every 10 sec-
onds in the daytime. If the illumination sensor sense a
change in the variance values more than 35, the state
transits to the estimating state. In the night, if there is
a change more than 50 lux of the acquired illumination
value, the state transits from indoor state to the estimat-

ing state.
Table 2: Power consumption of each sensor
| Consumption current 2. Temperature _

GPS module 50 mA The temperature sensor of the terminal measures tem-
Magnetism sensor 100 A perature every one sec_:ond. If the temperature sensor
llumination sensor 80 JA sense a change in°T within 30 seconds
Temperature sensqr 6 nA 3. Quantity of magnetism

The magnetism sensor of the terminal measures the quan-
power consumptiorof each sensor of physical quantity is tity of magnetism every 1 second and calculate the vari-
much smaller than the GPS module. ance of the magnetism every 10 seconds. If the mag-

netism sensor sense a change in the variance values
3.2 Indoor/outdoor estimation method more than 18, the state transits to the estimating state.

We propose the indoor/outdoor estimation method usingin-  The condition to transit from outdoor state or indoor state
tensity of illumination, quantity of magnetism, GPS Signal, to an estimated state has described. The transition from an
and temperature conventionally used. estimated state to outdoor state or indoor state is carried out

using the following estimation method.

3.2.1 State transition

. N . .2.2  Estimation of indoor or outdoor
This method has 3 states, estimating state, indoor state, ang

outdoor state. Figure 1 is the illustration of the state transition It is necessary to estimate whether the terminal is outdoor or
diagram of the proposed method. In the outdoor state, Geo-indoor in the estimating state. The indoor/outdoor estimations
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by 3 physical quantities mentioned above are carried out in fore we assume the number that the difference between the

parallel. In addition, the estimation reliability is calculated measurement time and the sunset (or sunrise) time divided by

in each estimation. If each estimated result is different, the 24 as the illumination reliability. For example, if the measure-

estimated result with highest reliability is adopted. ment date and time are January 24th, 20:00, the illumination
reliability becomeg20 — 16)/24 = 0.1666 - - -.

Estimation by illumination Figure 2 shows the flowchart

of the indoor/outdoor estimation using intensity of illumina- Estimation by magnetism Figure 3 shows the flowchart of

tion. Outdoor illumination becomes higher than indoor in the the indoor/outdoor estimation using a quantity of magnetism.

The variance of magnetism greatly changes indoors. In this

[ Start estimation ]

Measure magnetism

[ Start estimation ]

Acquire the time

Isit the
daytime?

YES
Acquire illumination
Calculate variance

NO

Acquire illumination

lllumination Calculate variance

< 50 lux

NO YES
[ Indoor state ][ Qutdoor state ]

Variance <18
NO

NO

[ Indoor state ] [ Qutdoor state ]

Figure 2:Flowchart of estimation by illumination [ Indoor state ] [ Outdoor state ]

day time and indoor illumination becomes higher than out-
door in the night. In the night outdoors, illumination is al-

most O lux. Therefore, it is necessary to switch the estimation hod. th . ¢ L lculated 10
techniques according to the time (night or daytime). The local method, the variance of magnetismis calculated every 10 sec-

sunrise time and sunset time are calculated from latitude, lon-ONds. If the variance of magnetism is less than the threshold,

gitude, the date, and time. Based on sunrise time and sunséLiS estimat_eq to b? outdoor. An.d if more than or equal to the
time, it is decided whether it is the daytime or night. The out- t rgshold_, it is estimated to be indoor. The threshold of the
door illumination greatly changes from 10000 lux to 80000 variance IS set'to 18 based on Ref. [19]. .
lux (measurement limit) under the influence of the shadow of  1h€ estimation by magnetism cannot provide accurate re-
the buildings, the direction of the terminal, and clouds. In Sultif the terminal is covered in a bag or a pocket. Therefore
most cases, there is a large difference between the outdoo}he covered situation of the termlnal_|s.est|mated byaprpxm—
illumination and the indoor illumination. However, the esti- ity sensor, and the value of the proximity sensor at that time is
mation using the absolute values of the illumination is diffi- S€t @S the magnetic reliability. Because the proximity sensor
cult because the illumination value of about 10000 lux may acquires 0 if the termln_al_ls covered, the_magnetlc reliability
be acquired depending on time, place, and conditions even if?€COMes 0. If the proximity sensor acquires the value except
it is indoor. On the other hand, the indoor illumination only 0., the magnetic reliability becomes 1.
changes from 0 lux to 10000 lux, so the variances of the illu-
mination have a large difference between outdoor and indoor.Estimation by temperature Figure 4 shows the flowchart
The standard deviation of the illumination is calculated every of the indoor/outdoor estimation using temperature. The re-
10 seconds in the daytime. Therefore if the standard deviationlation between outdoor temperature and indoor temperature
of the illumination is more than or equal to 35, it is estimated changes by seasons. Therefore we divided one year into sum-
that it is outdoor and if the variance is less than 35, it is esti- mer from April to September when the indoor is cooler than
mated that it is indoor. outdoor, and winter from October to March when outdoor is
We assume 50 lux as the threshold and estimate it by night.colder than indoor. Afterwards, this method detects whether
Itis estimated that it is indoor if the illumination value is more the inclination of the temperature change is rise or drop.
than the threshold, and estimated that it is outdoor if the illu-  The reliability of the estimation by the temperature is high
mination value is less than the threshold. if the season approach to midsummer and the depth of winter.
The estimation by illumination has high reliability around Therefore we assume the number that the difference between
noon, and low reliability around sunrise and sunset. There-the measurement month and the April (or September) divided

Figure 3:Flowchart of estimation by magnetism
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[ Start estimation ] the ;_)rgcisior) ratio of th_e prqposed method is 92%, and the
T precision ratio of the estimation by temperature is 63%.

| Measure temperature |
v

| Acquire date and time | Outdoor

Is it between
September
and April?

YES

==« Proposed method
e Actual
movement

Indoor

Inclination times -1

34

67
100
133
166
199
232
265
298
331
364
397
430
463
496
529
562
595

Is the
inclination
plus?

Figure 5: Estimatiomesult using the proposed method

NO YES

[ Indoor state ] [ Outdoor state ]

Qutdoor

Figure 4: Flavchart of estimation by temperature Esiimation by
==« femperature
by 12 as the temperature reliability. For example, if the mea- Indloor T oAl

. . .- movemen
surement date is January 24th, the temperature reliability be-

comes(4 —1)/12 = 0.25.

34

67
100
133
166
199
232
265
298
331
364
397
430
463
496
529

N
N}
'}

595

Overall estimation This proposed uses the estimation by

illumination, the estimation by magnetism, and the estima- Figyre 6: Estimatiomesult using only the estimation by tem-
tion by temperature concurrently and acquires each estimaperature

tion result and reliability. If 3 estimation results are different,

the proposed method considers the result with the highest re- We evaluate such a precision ratio by comparing the pro-

liability to b_e as t_he estimation result. FF” e_xample, if this osed method with 3 kinds of independent indoor/outdoor es-
method estimate in the state that the terminal is not covered a imations

20:00 of January 24th, the illumination reliabilitylsi66 - - -, The evaluation experiment is based on 7 scenarios of Table

the magnetic reliability is 0, and the temperature reliability is 3. In Ex.1-Ex.4 and Ex.6 scenarios, the subject walks holding
0.25. Therefore, the estimation by the temperature is used he terminal in his hand. And in Ex.’5 and Ex.7 scenarios, the

the estimated result. subject walks carrying the terminal in a pocket of his jacket.

4 EXPERIMENTS 4.2 Results of the experiments

4.1 Overview of the evaluation experiments Table 4 shows the results of experiments. The precision ra-

We implemented the proposed method to a smartphone (Sotig of the proposed method was 82.14% that were higher than
Xperia Z3) as Android application, and evaluated the method other independent estimations. Because the proposed method
by some experiments. For the evaluation of the estimationcan use the other estimate technique in the situation which
accuracy, it is necessary to record the correct location of theone estimated technique is weak in, the method can keep es-
terminal (correct answer data). At every movement betweentimation with high precision. For example, it is the situation
outdoor and indoor, | assume it correct answer data by push-such as at the time of the outdoor movement with the large
ing the record button, and recording it. Therefore we madetemperature difference in the estimation by the temperature
the process to record indoor or outdoor, and at every move-or the situation in the evening in the estimation by the illu-
ment between indoor and outdoor, the user pushes the recordhination. In Ex.5 and EX.7, because the terminal is in the
button and record whether it is indoor or outdoor. This record subject’s pocket and the estimation by magnetism is difficult,
becomes correct answer data. We compare the estimated rehe precision ratio of the estimation drops down.
sult with this correct answer data and calculate the precision The estimation only by the illumination was able to attain
ratio. just under 70% of the precision ratio on the average. How-

Figure 5 and 6 are the evaluation results of example sce-ever, it was not able to be estimated with accuracy at the time
nario. The subject with the smartphone terminal moves in- without a clear illumination difference between indoor and
door— outdoors— indoor in 10 minutes. Figure 5 shows the outdoor such as evening in Ex.4. This is because a false es-
estimation result of the proposed method. Similarly, Fig. 6 is timate of the indoor occurs by very small difference of the
the estimated result using only temperature. In this example,illumination when the subject stopped in the shade for a long
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Table3: Scenario of the evaluation experiments

Date | Time | Meas.time| Place | Route | Weather
Ex.1| 1/28 | 11:55-12:00 5min. Within the campus Indoor— Outdoor— Indoor | Cloudy/Sunny
Ex.2 | 1/28 | 12:44-13:16 32min. Around thecampus Outdoor Cloudy
Ex.3| 1/28 | 13:26-13:32 7min. Commercial &cility Outdoor— Indoor Cloudy
Ex.4 | 1/28 | 15:23-16:09 46min. Commercial &cility, Outdoor— Indoor — Snow

around andvithin the campus Outdoor— Indoor

Ex.5| 1/28 | 21:44-21:50 6min. Commercial &cility Outdoor— Indoor Cloudy
Ex.6 | 1/28 | 22:21-22:31 10min. Home Outdoor— Indoor Cloudy
Ex.7 | 1/28 | 22:35-22:40 5min. Home Indoor Cloudy

Table4: Result of the evaluation experiments
| Proposed method lllumination only | Temperaturenly | Magnetism only

Ex.1 92% 97% 63% 50%
Ex.2 99% 97% 98% 98%
Ex.3 93% 95% 40% 15%
Ex.4 96% 18% 93% 81%
Ex.5 51% 63% 36% 61%
Ex.6 97% 96% 90% 99%
Ex.7 47% 21% 0% 31%
Avg. 82.14% 69.57% 60% 62.14%

time occurred By experiment 5 and experiment 7 that a ter-
minal was covered, the estimation by the illumination was not
able to achieve the high precision ratio because the illumina-
tion became the constant value with approximately O.

The estimation only by the temperature was able to attain
60% of the precision ratio on the average. The estimation
was not able to achieve high precision ratio in the situation
that moved indoor from the cold outdoor like Ex.3 and Ex.5.
This is caused by the characteristic of the temperature sensor.[5] T. Fuijita, et. al., “Low Complexity TOA Localization

The temperature sensor is sensitive to cold, and the reaction

(2]

3]
[4]

of the sensor oneself worsens when the sensor observes very
low temperature. And it is one reason that there is a time lag

for the temperature acquisitions.

The estimation only by the magnetism was able to attain

around 60% of the precision ratio on the average. Because it

was estimated to be the outdoor by mistake indoor with the

magnetic variation, the precision ratio did not rise.

5 CONCLUSION

In this paper, we proposed the indoor/outdoor estimation
method to reduce power consumption of Geo-fencing service 9]
while maintaining the detection precision of the terminal po-
sition in the situation that GPS positioning is impossible such
as indoor. In future work, we need a comparative evaluation

of the precision and power consumption with conventional [10]

Geo-fencing.
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