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SIGNAL PROCESSING APPARATUS FOR 
DETERMINING LOCATION OF MOBILE 
TERMINAL AND METHOD THEREOF 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This application claims priority under 35 U.S.C. $ 
119 to Korean Patent Application No. 10-2018-0149817 , 
filed on Nov. 28 , 2018 , the disclosure of which is incorpo 
rated herein by reference in its entirety . 

TECHNICAL FIELD 

[ 0002 ] The present invention relates to a signal processing 
apparatus installed in a vehicle , and more particularly , to 
signal processing technology for determining a location of a 
terminal located outside a vehicle . 

technique and a result obtained by comparing the one RSSI 
with a detailed reference value set based on a hysteresis 
technique . 
[ 0008 ] In another general aspect , a signal processing appa 
ratus for determining a location of a mobile terminal loca 
tion and determining a region , where the mobile terminal is 
located , among a start authentication control region defined 
as an indoor region of a vehicle , a remote parking control 
region defined as an outdoor region outside the vehicle , and 
a remote start control region surrounding the remote parking 
control region , includes : an antenna unit including first and 
second antennas respectively receiving first and second 
reception signals from the mobile terminal ; a communica 
tion module configured to calculate a reception strength 
value ( hereinafter referred to as RSSI_1 ) of the first recep 
tion signal and a reception strength value ( hereinafter 
referred to as RSSI_2 ) of the second reception signal ; and a 
location determination module configured to determine a 
region where the mobile terminal is located , based on a 
determination value generated by using a result obtained by 
comparing one RSSI of the RSSI_1 and the RSSI_2 with a 
reference value set based on a decision tree technique and a 
result obtained by comparing the one RSSI with a detailed 
reference value set based on a hysteresis technique . 
[ 0009 ] Other features and aspects will be apparent from 
the following detailed description , the drawings , and the 
claims . 

BACKGROUND 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0003 ] As terminals such as smartphones are popularized , 
various services using communication between a terminal 
and a vehicle are being provided . For example , a terminal 
communicates with a communication device of a vehicle , 
and thus , various services such as the start of vehicles , 
remote parking , and remote start are being provided . 
[ 0004 ] A communication method between a terminal and 
a communication device of a vehicle may use , for example , 
Bluetooth communication , and vehicles include a commu 
nication device such as a Bluetooth communication module , 
for Bluetooth communication . 
[ 0005 ] In the related art , a Bluetooth communication mod 
ule installed in vehicles includes one antenna , and due to 
this , has a limitation in efficiently processing trilateration or 
triangulation for determining a location of a mobile terminal 
in a Bluetooth band ( 2.4 GHz ) on the basis of only a received 
signal strength indicator ( RSSI ) of a reception signal 
received from a mobile phone ( for example , a smartphone ) . 

[ 0010 ] FIG . 1 is a block diagram of a signal processing 
apparatus according to an embodiment of the present inven 
tion . 
[ 0011 ] FIG . 2 is a diagram for describing vehicle control 
based on a region where a mobile terminal is located with 
respect to the vehicle , according to an embodiment of the 
present invention . 
[ 0012 ] FIG . 3 is a block diagram of a location determina 
tion module illustrated in FIG . 1 . 
[ 0013 ] FIG . 4 is a diagram illustrating an example where 
a reference value and a detailed reference value according to 
an embodiment of the present invention are shown on a 
hysteresis curve . 
[ 0014 ] FIG . 5 is a flowchart illustrating a method of 
determining a location of a mobile terminal , according to an 
embodiment of the present invention . 
[ 0015 ] FIGS . 6 and 7 are detailed flowcharts of step S530 
illustrated in FIG . 5 . 
[ 0016 ] FIG . 8 is a detailed flowchart of step S538 illus 
trated in FIG . 7 . 

SUMMARY 

DETAILED DESCRIPTION OF EMBODIMENTS 

[ 0006 ] Accordingly , the present invention provides a sig 
nal processing apparatus for determining a location of a 
terminal and a method thereof , which efficiently process a 
reception signal received from a mobile terminal so as to 
improve the location determination performance of a mobile 
terminal . 
[ 0007 ] In one general aspect , a method of determining a 
location of a mobile terminal location and determining a 
region , where the mobile terminal is located , among a start 
authentication control region defined as an indoor region of 
a vehicle , a remote parking control region defined as an 
outdoor region outside the vehicle , and a remote start control 
region surrounding the remote parking control region , 
includes : respectively receiving , by two antennas , first and 
second reception signals from the mobile terminal ; calcu 
lating , by a communication module , a reception strength 
value ( hereinafter referred to as RSSI_1 ) of the first recep 
tion signal and a reception strength value ( hereinafter 
referred to as RSSI_2 ) of the second reception signal ; and 
determining , by a location determination module , a region 
where the mobile terminal is located , based on a result 
obtained by comparing one RSSI of the RSSI_1 and the 
RSSI_2 with a reference value set based on a decision tree 

[ 0017 ] Hereinafter , example embodiments of the present 
invention will be described in detail with reference to the 
accompanying drawings . Embodiments of the present inven 
tion are provided so that this disclosure will be thorough and 
complete , and will fully convey the concept of the present 
invention to one of ordinary skill in the art . Since the present 
invention may have diverse modified embodiments , pre 
ferred embodiments are illustrated in the drawings and are 
described in the detailed description of the present inven 
tion . However , this does not limit the present invention 
within specific embodiments and it should be understood 
that the present invention covers all the modifications , 
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equivalents , and replacements within the idea and technical 
scope of the present invention . Like reference numerals refer 
to like elements throughout . 
[ 0018 ] Hereinafter , a signal processing apparatus accord 
ing to an embodiment of the present invention will be 
described with reference to the accompanying drawings . 
[ 0019 ] FIG . 1 is a block diagram of a signal processing 
apparatus 100 according to an embodiment of the present 
invention , and FIG . 2 is a diagram for describing vehicle 
control based on a region where a mobile terminal is located 
with respect to the vehicle , according to an embodiment of 
the present invention . 
[ 0020 ] Referring to FIG . 1 , the signal processing apparatus 
100 according to an embodiment of the present invention 
may be installed in a vehicle and may perform wireless 
communication with a mobile terminal 200 of a user . The 
wireless communication is not limited , but for convenience 
of description , the wireless communication may be assumed 
as Bluetooth communication . 
[ 0021 ] The user may perform vehicle control such as start 
authentication control , remote parking control , remote key 
less entry ( RKE ) control , and remote start control by using 
the mobile terminal 200 capable of performing wireless 
communication with the signal processing apparatus 100 . 
[ 0022 ] The start authentication control may be vehicle 
control which is performed based on a reception signal 
received from the mobile terminal 200 located in a start 
authentication control region R1 illustrated in FIG . 2 , and 
for example , may denote vehicle control which is performed 
according to a start switch button ( SSB ) being pressed by the 
user who is stepping on a brake pedal in a vehicle indoor 
region R1 with possessing the mobile terminal 200 . 
[ 0023 ] The remote parking control may be vehicle control 
which is performed based on a reception signal received 
from the mobile terminal 200 located in a remote parking 
control region R2 illustrated in FIG . 2 , and for example , may 
denote vehicle control which is performed based on execu 
tion of an application associated with remote parking and 
installed in the mobile terminal 200 at a distance of about 5 
m or less with respect to an outer portion of a vehicle . 
[ 0024 ] The RKE control may be vehicle control which is 
performed based on a reception signal received from the 
mobile terminal 200 located in an RKE control region R3 
illustrated in FIG . 2 , and for example , may denote vehicle 
control which is performed based on execution of an appli 
cation associated with an RKE function and installed in the 
mobile terminal 200 at a distance of about 30 m or less with 
respect to an outer portion of a vehicle . Here , the RKE 
function may include , for example , door lock / unlock , panic 
start / stop , and trunk open / close . 
[ 0025 ] The remote start control may be vehicle control 
which is performed based on a reception signal received 
from the mobile terminal 200 located in a remote start 
control region R3 illustrated in FIG . 2 like the RKE control , 
and for example , may denote vehicle control which is 
performed based on execution of an application associated 
with remote start and installed in the mobile terminal 200 . 
[ 0026 ] The signal processing apparatus 100 according to 
an embodiment of the present invention may use two 
antennas which are installed to have a 90 - degree phase 
difference , and thus , may efficiently receive a reception 
signal from the mobile terminal 200 . 
[ 0027 ] Moreover , the signal processing apparatus 100 
according to an embodiment of the present invention may 

determine a region where the mobile terminal 200 is located , 
based on a decision tree technique , instead of determining a 
region , where the mobile terminal 200 is located , of three 
regions R1 to R3 according to conventional trilateration or 
triangulation by using an RSSI of the received reception 
signal . 
[ 0028 ] Moreover , by using a hysteresis technique , the 
signal processing apparatus 100 according to an embodi 
ment of the present invention may prevent a location deter 
mination error which can occur when the mobile terminal 
200 is located at a boundary between regions . 
[ 0029 ] To this end , as illustrated in FIG . 1 , the signal 
processing apparatus 1 may include an antenna unit 110 , a 
Bluetooth communication unit 130 , and a location determi 
nation module 150 . 

[ 0030 ] The antenna unit 110 may receive a reception 
signal of a Bluetooth band ( 2.4 GHz ) from the mobile 
terminal 200. In this case , in order to efficiently receive the 
reception signal from the mobile terminal 200 , the antenna 
unit 110 may include a first antenna ANT # 1 and a second 
antenna ANT # 2 which have a 90 - degree phase difference 
therebetween . Therefore , the antenna unit 110 may receive 
a first reception signal through the first antenna ANT # 1 and 
a second reception signal through the second antenna ANT 
# 2 . 
[ 0031 ] In an embodiment of the present invention , by 
using two antennas ANT # 1 and ANT # 2 having a 90 - degree 
phase difference , the antenna unit 110 may complement a 
null point of each of the first antenna ANT # 1 and the second 
antenna ANT # 2 to effectively receive an RSSI of each of the 
first and second reception signals from the mobile terminal 
200 . 
[ 0032 ] The Bluetooth communication module 130 may 
perform filtering of noise included in the first and second 
reception signals from the mobile terminal 200 through the 
antenna unit 110 , calculation of the RSSI of each of the first 
and second reception signals , and encoding / decoding . Here , 
a low pass filter ( LPF ) may be used for filtering the first and 
second reception signals . The reason that the low pass filter 
is used is because noise having a radio frequency ( RF ) is 
noise of a high frequency band . 
[ 0033 ] The location determination module 150 may com 
pare a reception strength RSSI_1 of the first reception signal 
and a reception strength RSSI_2 of the second reception 
signal , which are input from the Bluetooth communication 
module 130 , with the reference value set based on the 
decision tree technique to determine a region , where the 
mobile terminal 200 is located , among the start authentica 
tion control region R1 , the remote parking control region 
R2 , and the remote start control region or RKE control 
region R3 . 
[ 0034 ] Moreover , the location determination module 150 
may further compare the reception strength RSSI_1 of the 
first reception signal and the reception strength RSSI_2 of 
the second reception signal with the detailed reference value 
set based on the hysteresis technique to again determine the 
region which is determined through the comparison with the 
reference value set based on the decision tree technique . 
[ 0035 ] Hereinafter , the location determination module 150 
will be described in detail with reference to FIG . 3 . 
[ 0036 ] FIG . 3 is a block diagram of the location determi 
nation module 150 illustrated in FIG . 1 . 
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[ 0037 ] Referring to FIG . 3 , the location determination 
module 150 may include a comparison unit 151 , a storage 
153 , a memory 155 , a counting unit 157 , and a determination 
unit 159 . 
[ 0038 ] The comparison unit 151 may compare the recep 
tion strength RSSI_1 of the first reception signal and the 
reception strength RSSI_2 of the second reception signal , 
which are input from the Bluetooth communication module 
130 , with a reference value stored in the storage 153 and 
may output a determination value based on a result of the 
comparison 
[ 0039 ] The reference value stored in the storage 153 may 
include a reference value based on the decision tree tech 
nique and a detailed reference value based on the hysteresis 
technique . The reference value based on the decision tree 
technique may include a first reference value -AdB for 
determining a start authentication control region and a 
second reference value -CdB for determining a remote 
parking control region . The detailed reference value based 
on the hysteresis technique may include a first detailed 
reference value -BdB representing an allowable error of the 
first reference value -AdB and a second detailed reference 
value -DdB representing an allowable error of the second 
reference value -CdB . 
[ 0040 ] The comparison unit 151 may perform a five - step 
comparison process by using the reference value based on 
the decision tree technique and the detailed reference value 
based on the hysteresis technique . 
[ 0041 ] In detail , in a first step , a process of comparing 
RSSI_1 or RSSI_2 with the first reference value -AdB 
based on the decision tree technique to determine whether 
the RSSI_1 or RSSI_2 is equal to or greater than the first 
reference value -AdB may be performed . For example , 
when the RSSI_1 or RSSI_2 is equal to or greater than the 
first reference value -AdB , the comparison unit 151 may 
determine that the mobile terminal 200 is located in the start 
authentication control region R1 ( an indoor space of a 
vehicle ) , and when the RSSI_1 or RSSI_2 is less than the 
first reference value -AdB , a second step may be performed . 
[ 0042 ] In the second step , a process of comparing RSSI_1 
or RSSI_2 with the first detailed reference value -BdB 
based on the hysteresis technique to determine whether the 
RSSI_1 or RSSI_2 less than the first detailed reference value 
-BdB is equal to or greater than the first detailed reference 
value -BdB may be performed . For example , when the 
RSSI_1 or RSSI_2 less than the first reference value -AdB 
is equal to or greater than the first detailed reference value 
-BdB , the comparison unit 151 may determine that the 
mobile terminal 200 is still located in the start authentication 
control region ( an indoor space of a vehicle ) . An example 
where the first reference value -AdB and the first detailed 
reference value -BdB are shown on a hysteresis curve is as 
shown in FIG . 4. An interval between the first reference 
value -AdB and the first detailed reference value -BdB may 
be a , and a may be variously changed ( for example , a may 
be 5 dB ) . That is , when the RSSI_1 or RSSI_2 is within a 
range where a buffer period ( an allowable error range ) equal 
to 5 dB is set with respect to -AdB , the mobile terminal 200 
may be determined as being located in the start authentica 
tion control region R1 . In this manner , the first detailed 
reference value -BdB which defines an allowable error of 
the first reference value -AdB may be set , thereby prevent 
ing a location determination error from occurring in a 
boundary between the start authentication control region R1 

and the remote parking control region R2 . When the RSSI_1 
or RSSI_2 less than the first reference value -AdB is less 
than the first detailed reference value -BdB , a third step may 
be performed . 
[ 0043 ] In the third step , a process of comparing RSSI_1 or 
RSSI_2 with the second reference value -CdB based on the 
decision tree technique to determine whether the RSSI_1 or 
RSSI_2 less than the first detailed reference value -BdB is 
equal to or greater than the second reference value -CdB 
may be performed . For example , when the RSSI_1 or 
RSSI_2 less than the first detailed reference value -BdB is 
equal to or greater than the second reference value -CdB , 
the comparison unit 151 may determine that the mobile 
terminal 200 is located in the remote parking control region 
R2 , and when the RSSI_1 or RSSI_2 less than the first 
detailed reference value -BdB is less than the second 
reference value -CdB , a fourth step may be performed . 
[ 0044 ] In the fourth step , a process of comparing RSSI_1 
or RSSI_2 with the second detailed reference value -DdB to 
determine whether the RSSI_1 or RSSI_2 less than the 
second reference value -CdB is equal to or greater than the 
second detailed reference value -DdB may be performed . 
For example , when the RSSI_1 or RSSI_2 less than the 
second reference value -CdB is equal to or greater than the 
second detailed reference value -DdB , the comparison unit 
151 may determine that the mobile terminal 200 is located 
in the remote parking control region R2 , and when the 
RSSI_1 or RSSI_2 less than the second reference value 
-CdB is less than the second detailed reference value -DdB , 
a fifth step may be performed . 
[ 0045 ] In the fifth step , the comparison unit 151 may 
determine whether all of the RSSI_1 and the RSSI_2 are 
zero . For example , when the RSSI_1 or the RSSI_2 is not 
zero , the comparison unit 151 may determine that the mobile 
terminal 200 is located in the remote start control region / 
RKE control region R3 , and when all of the RSSI_1 and the 
RSSI_2 are zero , the comparison unit 151 may determine 
that a Bluetooth communication connection is disconnected . 
[ 0046 ] The comparison unit 151 may repeat a process 
including the first to fifth steps N ( where N is an integer of 
2 or more ) times and may output N number of results 
( hereinafter referred to as a determination value ) which are 
obtained by repeating the process N times . Here , N may be 
variously changed , and for example , may be 10. In this case , 
the comparison unit 151 may repeat the process including 
the first to fifth steps ten times and may output determination 
values which are obtained by repeating the process ten 
times . 
[ 0047 ] The memory 155 may store N number of determi 
nation values which are obtained by repeating the process 
including the first to fifth steps N times . The memory 155 
may be a volatile memory or a non - volatile memory . 
[ 0048 ] The counting unit 157 may count the number of 
determination values ( hereinafter referred to as the number 
of determination values of R1 ) where the mobile terminal 
200 is determined as being located in the start authentication 
control region R1 , the number of determination values 
( hereinafter referred to as the number of determination 
values of R2 ) where the mobile terminal 200 is determined 
as being located in the remote parking control region R2 , 
and the number of determination values ( hereinafter referred 
to as the number of determination values of R3 ) where the 
mobile terminal 200 is determined as being located in the 
remote start control region R3 ( or the RKE control region ) , 
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in the N determination values stored in the memory 155 , and 
may transfer a counting value to the determination unit 159 . 
[ 0049 ] The determination unit 159 may finally determine 
a region where the mobile terminal 200 is currently located , 
based on the counting value transferred from the counting 
unit 157 . 
[ 0050 ] For example , when the number of determination 
values of R1 is equal to or greater than a first reference 
number COUNT1 , the determination unit 159 may finally 
determine that the mobile terminal 200 is currently located 
in the start authentication control region R1 , and when the 
number of determination values of R2 is equal to or greater 
than a second reference number COUNT2 , the determina 
tion unit 159 may finally determine that the mobile terminal 
200 is currently located in the remote parking control region 
R2 . Also , when the number of determination values of R3 is 
equal to or greater than a third reference number COUNT3 , 
the determination unit 159 may finally determine that the 
mobile terminal 200 is currently located in the remote start 
control region R3 or the RKE control region R3 . 
[ 0051 ] The first to third reference numbers COUNT1 to 
COUNT3 may be variously changed based on a design and 
may be set to have a large or small relationship such as 
“ COUNT1 < COUNT2 < COUNT3 ” . The reason that the third 
reference number COUNT3 is set to be largest is because the 
remote start control region R3 is farthest away from a 
vehicle and thus is largest affected by noise . That is , the third 
reference number COUNT3 may be set to be highest , and 
thus , a determination error caused by an influence of noise 
may be minimized . The present embodiment is not limited , 
and in a case where the comparison unit 151 outputs ten 
determination values , COUNT1 , COUNT2 , and COUNT3 
may be sequentially set to 7 , 8 , and 9 . 
[ 0052 ] FIG . 5 is a flowchart illustrating a method of 
determining a location of a mobile terminal , according to an 
embodiment of the present invention . To help understand 
description , the method of determining a location of a 
mobile terminal will be described with reference to FIG . 5 
in conjunction with FIGS . 1 to 4. However , for conciseness 
of description , descriptions which are the same as or similar 
to descriptions given above with reference to FIGS . 1 to 4 
will be briefly given or are omitted . 
( 0053 ] First , referring to FIG . 5 , the method of determin 
ing a location of a mobile terminal according to an embodi 
ment of the present invention may include a plurality of 
steps of determining a region , where the mobile terminal 200 
is located , among the start authentication control region R1 
defined as an indoor region of a vehicle , the remote parking 
control region R2 defined as an outdoor region outside the 
vehicle , and the remote start control region R3 surrounding 
the remote parking control region R2 . 
[ 0054 ] In detail , in step S510 , a process of respectively 
receiving , by two antennas ANT # 1 and ANT # 2 , first and 
second reception signals from the mobile terminal 200 may 
be performed . In this case , in order to efficiently receive the 
first and second reception signals from the mobile terminal 
200 , the two antennas ANT # 1 and ANT # 2 may be installed 
to have a 90 - degree phase difference therebetween . 
[ 0055 ] Subsequently , in step S520 , a process of calculating 
( measuring ) , by the communication module 130 , a reception 
strength value ( hereinafter referred to as RSSI_1 ) of the first 
reception signal and a reception strength value ( hereinafter 
referred to as RSSI_2 ) of the second reception signal may be 
performed . 

[ 0056 ] Subsequently , in step S530 , a process of compar 
ing , by the location determination module 150 , one of the 
RSSI_1 and the RSSI_2 with a reference value set based on 
the decision tree technique and a detailed reference value set 
based on the hysteresis technique , generating a determina 
tion value on the basis of a result of the comparison , and 
determining a region R1 , R2 , or R3 , where the mobile 
terminal 200 is located , on the basis of the generated 
determination value may be performed . 
[ 0057 ] According to an embodiment , a process performed 
in step S530 may be a process of comparing the one RSSI 
with the detailed reference value representing an allowable 
error of the reference value to determine the determination 
value and determining a region , where the mobile terminal 
200 is located , on the basis of the generated determination 
value . 
[ 0058 ] According to an embodiment , a process performed 
in step S530 may be a process of comparing the one RSSI 
with the reference value , including the first reference value 
-AdB for determining whether the mobile terminal 200 is 
located in the start authentication control region R1 and the 
second reference value -CdB for determining whether the 
mobile terminal 200 is located in the remote parking control 
region R2 , to determine the determination value and deter 
mining a region , where the mobile terminal 200 is located , 
on the basis of the generated determination value . 
[ 0059 ] According to an embodiment , the reference value 
may include a first reference value A for determining 
whether the mobile terminal 200 is located in the start 
authentication control region R1 , a second reference value C 
for determining whether the mobile terminal 200 is located 
in the remote parking control region R2 , and a third refer 
ence value E for determining whether the mobile terminal 
200 is located in the remote start control region R3 , and the 
detailed reference value may include a first detailed refer 
ence value B representing an allowable error of the first 
reference value A and a second detailed reference value D 
representing an allowable error of the second reference 
value C. Here , a large or small relationship between the first 
and second reference values and the first and second detailed 
reference values may be A > B > C > D , and the third reference 
value may be zero . 
[ 0060 ] FIGS . 6 and 7 are detailed flowcharts of step S530 
illustrated in FIG . 5 . 
[ 0061 ] Referring to FIG . 6 , first , in step S531 , the location 
determination module 150 or a comparison unit ( 151 of FIG . 
3 ) may compare a first reference value A or -AdB set based 
on the decision tree technique with one of the reception 
strength value ( hereinafter referred to as RSSI_1 ) of the first 
reception signal and the reception strength value ( hereinafter 
referred to as RSSI_2 ) of the second reception signal which 
have been calculated in step S520 and may generate a first 
determination value representing that the mobile terminal 
200 is located in a start authentication control region ( R1 of 
FIG . 2 ) , based on a result of the comparison . For example , 
when the RSSI_1 or the RSSI_2 is equal to or greater than 
the first reference value A or -AdB , the location determi 
nation unit 150 may generate the first determination value 
and may store the first determination value in a memory ( 155 
of FIG . 3 ) . On the other hand , when all of the RSSI_1 and 
the RSSI_2 are less than the first reference value A or -AdB , 
step S532 may be performed . 
[ 0062 ] Subsequently , in step S532 , the location determi 
nation module 150 may compare the RSSI_1 or the RSSI_2 
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with a first detailed reference value B or -BdB set based on 
the hysteresis technique , and based on a result of the 
comparison , the location determination module 150 may 
maintain the first determination value which has been gen 
erated in step S531 or may perform step S533 . For example , 
when the RSSI_1 or the RSSI_2 is equal to or greater than 
the first detailed reference value B or -BdB , the location 
determination module 150 may maintain the first determi 
nation value which has been generated in step S531 , and 
when the RSSI_1 and the RSSI_2 are less than the first 
detailed reference value B or -BdB , the location determi 
nation module 150 may perform step S533 . Here , a process 
of performing step S532 may be for that a buffer period ( i.e. , 
an allowable error range ) is set for reducing a location 
determination error occurring in a boundary between the 
start authentication control region R1 and the remote park 
ing control region , and when the RSSI_1 or the RSSI_2 is 
within the allowable error range , the mobile terminal is 
determined as being located in the start authentication 
control region despite that a condition of step S531 is not 
satisfied . 
[ 0063 ] Subsequently , in step S533 , when the RSSI_1 or 
the RSSI_2 is less than the first detailed reference value B 
or -BdB , the location determination module 150 or the 
comparison unit ( 151 of FIG . 3 ) may compare the RSSI_1 
or the RSSI_2 with a second reference value C or -CdB set 
based on the decision tree technique and may generate a 
second determination value representing that the mobile 
terminal 200 is located in the remote parking control region 
R2 , based on a result of the comparison . For example , when 
the RSSI_1 or the RSSI_2 is equal to or greater than the 
second reference value C or -CdB , the location determina 
tion module 150 may maintain the second determination 
value , and when the RSSI_1 and the RSSI_2 are less than the 
second reference value C or -CdB , the location determina 
tion module 150 may perform step S534 . 
[ 0064 ] Subsequently , in step S534 , when the RSSI_1 and 
the RSSI_2 are less than the second reference value C or 
-CdB , the location determination module 150 or the com 
parison unit ( 151 of FIG . 3 ) may compare the RSSI_1 or the 
RSSI_2 with a second detailed reference value D or -DdB , 
and based on a result of the comparison , the location 
determination module 150 may maintain the second deter 
mination value which has been generated in step S533 or 
may perform step S535 . For example , when the RSSI_1 or 
the RSSI_2 is equal to or greater than the second detailed 
reference value D or -DdB , the location determination 
module 150 may maintain the second determination value , 
and when the RSSI_1 and the RSSI_2 are less than the 
second detailed reference value D or -DdB , the location 
determination module 150 may perform step S535 . Here , a 
process of performing step S534 may be for that a buffer 
period ( i.e. , an allowable error range ) is set for reducing a 
location determination error occurring in a boundary 
between the remote parking control region R2 and the 
remote start control region R3 , and when the RSSI_1 or the 
RSSI_2 is within the allowable error range , the mobile 
terminal is determined as being located in the remote 
parking control region R2 despite that a condition of step 
S533 is not satisfied . 
[ 0065 ] Subsequently , in step S535 , when the RSSI_1 and 
the RSSI_2 are less than the second detailed reference value 
D or -DdB , the location determination module 150 or the 
comparison unit ( 151 of FIG . 3 ) may compare the RSSI_1 

and the RSSI_2 with the third reference value E , and based 
on a result of the comparison , the location determination 
module 150 may generate a third determination value rep 
resenting that the mobile terminal 200 is located in the 
remote start control region R3 . Here , the third reference 
value may be zero . In this case , when the RSSI_1 or the 
RSSI_2 is not zero , the location determination module 150 
may generate the third determination value representing that 
the mobile terminal 200 is located in the remote start control 
region R3 , and when the RSSI_1 and the RSSI_2 are zero , 
the location determination module 150 may determination a 
communication disconnection and may not generate any 
determination value . 
[ 0066 ] Subsequently , in step S536 , the location determi 
nation module 150 or the comparison unit ( 151 of FIG . 3 ) 
may repeat a process including steps S531 to $ 535 N times , 
generate N number of determination values by repeating the 
process N times , and may store and collect the generated N 
determination values in a memory ( 155 of FIG . 3 ) . In this 
case , when a condition of step S535 is not satisfied , namely , 
when a communication disconnection occurs , a determina 
tion value may not be generated , and thus , in this case , the 
process including steps S531 to $ 535 may be additionally 
repeated until a determination value is generated . 
[ 0067 ] Subsequently , in step S537 , the location determi 
nation module 150 or a counting unit ( 157 of FIG . 3 ) may 
count the number of first to third determination values 
among the collected N determination values . 
[ 0068 ] Subsequently , in step S538 , the location determi 
nation module 150 or a determination unit ( 159 of FIG . 3 ) 
may finally determine a region where the mobile terminal is 
located , based on the counted number of first to third 
determination values . This will be described below in detail 
with reference to FIG . 8 . 
[ 0069 ] FIG . 8 is a detailed flowchart of step S538 illus 
trated in FIG . 7 . 
[ 0070 ] Referring to FIG . 8 , first , in step S538-1 , the 
location determination unit 150 or the determination unit 
159 may compare the first reference number COUNT1 with 
the number of first determination values which have been 
counted in step S537 , and based on a result of the compari 
son , the location determination unit 150 or the determination 
unit 159 may finally determine that the mobile terminal 200 
is located in the start authentication control region R1 . For 
example , when the number of first determination values is 
equal to or greater than the first reference number COUNT1 , 
the location determination unit 150 or the determination unit 
159 may finally determine that the mobile terminal 200 is 
located in the start authentication control region R1 , and 
otherwise , step S538-2 may be performed . 
[ 0071 ] In step S538-2 , the location determination unit 150 
or the determination unit 159 may compare the second 
reference number COUNT2 with the number of second 
determination values which have been counted in step S537 , 
and based on a result of the comparison , the location 
determination unit 150 or the determination unit 159 may 
finally determine that the mobile terminal 200 is located in 
the remote parking control region R2 . For example , when 
the number of second determination values is equal to or 
greater than the second reference number COUNT2 , the 
location determination unit 150 or the determination unit 
159 may finally determine that the mobile terminal 200 is 
located in the remote parking control region R2 , and other 
wise , step S538-3 may be performed . 
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RSSI_2 with a reference value set based on a decision 
tree technique and a result obtained by comparing the 
one RSSI with a detailed reference value set based on 
a hysteresis technique . 

2. The method of claim 1 , wherein the receiving com 
prises receiving the first and second reception signals 
through the two antennas having a 90 - degree phase differ 
ence . 

[ 0072 ] In step S538-3 , the location determination unit 150 
or the determination unit 159 may compare the third refer 
ence number COUNT3 with the number of third determi 
nation values which have been counted in step S537 , and 
based on a result of the comparison , the location determi 
nation unit 150 or the determination unit 159 may finally 
determine that the mobile terminal 200 is located in the 
remote start control region R3 . For example , when the 
number of third determination values is equal to or greater 
than the third reference number COUNT3 , the location 
determination unit 150 or the determination unit 159 may 
finally determine that the mobile terminal 200 is located in 
the remote start control region R3 , and otherwise , a previous 
determination result may be maintained . 
[ 0073 ] A large or small relationship between the first to 
third reference numbers COUNT1 to COUNT3 compared 
with the determination values generated in the steps may be 
COUNT1 < COUNT2 < COUNT3 . As described above , the 
reason that the third reference number COUNT3 is set to be 
largest is because the remote start control region R3 is 
farthest away from a vehicle and thus is largest affected by 
noise . Accordingly , since the third reference number 
COUNT3 is set to be highest , a determination error caused 
by an influence of noise may be minimized . 
[ 0074 ] According to the embodiments of the present 
invention , by using two antennas having a 90 - degree phase 
difference , a reception signal may be efficiently received 
from the mobile terminal 200. Also , instead of determining 
a region , where the mobile terminal 200 is located , of three 
regions R1 to R3 according to conventional trilateration or 
triangulation by using signal strengths RSSI_1 and RSSI_2 
of the received reception signal , a location determination 
error occurring in determining a region where the mobile 
terminal 200 is located may be minimized by using the 
decision tree technique and the hysteresis technique . 
[ 0075 ] A number of exemplary embodiments have been 
described above . Nevertheless , it will be understood that 
various modifications may be made . For example , suitable 
results may be achieved if the described techniques are 
performed in a different order and / or if components in a 
described system , architecture , device , or circuit are com 
bined in a different manner and / or replaced or supplemented 
by other components or their equivalents . Accordingly , other 
implementations are within the scope of the following 
claims . 
What is claimed is : 
1. A method of determining a location of a mobile 

terminal location and determining a region , where the 
mobile terminal is located , among a start authentication 
control region defined as an indoor region of a vehicle , a 
remote parking control region defined as an outdoor region 
outside the vehicle , and a remote start control region sur 
rounding the remote parking control region , the method 
comprising : 

respectively receiving , by two antennas , first and second 
reception signals from the mobile terminal ; 

calculating , by a communication module , a reception 
strength value ( hereinafter referred to as RSSI_1 ) of the 
first reception signal and a reception strength value 
( hereinafter referred to as RSSI_2 ) of the second recep 
tion signal ; and 

determining , by a location determination module , a region 
where the mobile terminal is located , based on a result 
obtained by comparing one RSSI of the RSSI_1 and the 

3. The method of claim 1 , wherein 
the reference value comprises first to third reference 

values , and 
the determining comprises comparing the one RSSI with 

a first reference value A for determining whether the 
mobile terminal is located in the start authentication 
control region and a second reference value C for 
determining whether the mobile terminal is located in 
the remote parking control region and determining a 
region where the mobile terminal is located , based on 
a determination value generated from a result of the 
comparison 

4. The method of claim 1 , wherein the determining 
comprises comparing the one RSSI with the detailed refer 
ence value representing an allowable error of the reference 
value to generate a determination value and determining a 
region where the mobile terminal is located , based on the 
determination value . 

5. The method of claim 1 , wherein 
the reference value comprises a first reference value A for 

determining whether the mobile terminal is located in 
the start authentication control region , a second refer 
ence value C for determining whether the mobile 
terminal is located in the remote parking control region , 
and a third reference value E for determining whether 
the mobile terminal is located in the remote start 
control region , and 

the detailed reference value comprises a first detailed 
reference value B representing an allowable error of the 
first reference value A and a second detailed reference 
value D representing an allowable error of the second 
reference value C. 

6. The method of claim 5 , wherein the determining 
comprises : 

a first step of generating a first determination value 
representing that the mobile terminal is located in the 
start authentication control region , based on a result 
obtained by comparing the one RSSI with the first 
reference value A and a result obtained by comparing 
the one RSSI with the first detailed reference value B ; 

a second step of generating a second determination value 
representing that the mobile terminal is located in the 
remote parking control region , based on a result 
obtained by comparing the one RSSI with the second 
reference value C and a result obtained by comparing 
the one RSSI with the second detailed reference value 
D ; and 

a third step of generating a third determination value 
representing that the mobile terminal is located in the 
remote start control region , based on a result obtained 
by comparing the RSSI_1 and the RSSI_2 with the 
third reference value E. 

7. The method of claim 6 , wherein the determining 
comprises : 
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repeatedly performing the first to third steps N ( where N 
is an integer of 2 or more ) times to collect N number of 
determination values ; 

counting number of the first to third determination values 
among the collected N determination values ; 

finally determining the mobile terminal as being located 
in the start authentication control region , based on a 
result obtained by comparing the number of first deter 
mination values with a first reference number ; 

finally determining the mobile terminal as being located 
in the remote parking control region , based on a result 
obtained by comparing the number of second determi 
nation values with a second reference number , and 

finally determining the mobile terminal as being located 
in the remote start control region , based on a result 
obtained by comparing the number of third determina 
tion values with a third reference number . 

8. A signal processing apparatus for determining a loca 
tion of a mobile terminal location and determining a region , 
where the mobile terminal is located , among a start authen 
tication control region defined as an indoor region of a 
vehicle , a remote parking control region defined as an 
outdoor region outside the vehicle , and a remote start control 
region surrounding the remote parking control region , the 
signal processing apparatus comprising : 

an antenna unit including first and second antennas 
respectively receiving first and second reception sig 
nals from the mobile terminal ; 

a communication module configured to calculate a recep 
tion strength value ( hereinafter referred to as RSSI_1 ) 
of the first reception signal and a reception strength 
value ( hereinafter referred to as RSSI_2 ) of the second 
reception signal ; and 

a location determination module configured to determine 
a region where the mobile terminal is located , based on 
a determination value generated by using a result 
obtained by comparing one RSSI of the RSSI_1 and the 
RSSI_2 with a reference value set based on a decision 
tree technique and a result obtained by comparing the 
one RSSI with a detailed reference value set based on 
a hysteresis technique . 

9. The signal processing apparatus of claim 8 , wherein the 
first and second antennas have a 90 - degree phase difference . 

10. The signal processing apparatus of claim 8 , wherein 
the location determination module compares the one RSSI 
with a first reference value for determining whether the 
mobile terminal is located in the start authentication control 
region and a second reference value for determining whether 
the mobile terminal is located in the remote parking control 
region and determines a region where the mobile terminal is 
located , based on the determination value generated from a 
result of the comparison . 

11. The signal processing apparatus of claim 8 , wherein 
the location determination module compares the one RSSI 
with the detailed reference value representing an allowable 
error of the reference value to generate the determination 

value and determines a region where the mobile terminal is 
located , based on the determination value . 12. The signal processing apparatus of claim 8 , wherein 

the reference value comprises a first reference value A for 
determining whether the mobile terminal is located in 
the start authentication control region , a second refer 
ence value C for determining whether the mobile 
terminal is located in the remote parking control region , 
and a third reference value E for determining whether 
the mobile terminal is located in the remote start 
control region , and 

the detailed reference value comprises a first detailed 
reference value B representing an allowable error of the 
first reference value A and a second detailed reference 
value D representing an allowable error of the second 
reference value C. 

13. The signal processing apparatus of claim 12 , wherein 
the location determination module 

generates a first determination value representing that the 
mobile terminal is located in the start authentication 
control region , based on a result obtained by comparing 
the one RSSI with the first reference value A and a 
result obtained by comparing the one RSSI with the 
first detailed reference value B , 

generates a second determination value representing that 
the mobile terminal is located in the remote parking 
control region , based on a result obtained by comparing 
the one RSSI with the second reference value C and a 
result obtained by comparing the one RSSI with the 
second detailed reference value D , and 

generates a third determination value representing that the 
mobile terminal is located in the remote start control 
region , based on a result obtained by comparing the 
RSSI_1 and the RSSI_2 with the third reference value 
E. 

14. The signal processing apparatus of claim 13 , wherein 
the location determination module 

repeatedly performs an operation of generating the first to 
third determination values N ( where N is an integer of 
2 or more ) times to collect N number of determination 
values , 

counts number of the first to third determination values 
among the collected N determination values , 

when number of the first determination values satisfies a 
first determination condition , finally determines the 
mobile terminal as being located in the start authenti 
cation control region , 

when number of the second determination values satisfies 
a second determination condition , finally determines 
the mobile terminal as being located in the remote 
parking control region , and 

when number of the third determination values satisfies a 
third determination condition , finally determines the 
mobile terminal as being located in the remote start 
control region . 


