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ALGORITHMS FOR INDOOR POSITIONING SYSTEMS

TELPU POZICION ŠANAS SIST MU ALGORITMI
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Fig. 1. Positioning algorithms classification
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Fig. 2. Triangulation

, 
, . 

, ,  ( )
),( 2

TTN , T
2
T , 

 [3]. , 



63

. , 
, 

.
 ( ) 

 ( ) 
. 

.
yx, - , mPPPPO ,...,,, 321 - 

1, 2, 3,  …,  m,
mm yxyxyx ,,...,,,, 2211 .

),(),...,,(),,(),,(),( 321 yxZyxZyxZyxZyxZ k  -  

yx, . yx ,* , 
),( * yxZ mPPPPO ,...,,, 321 .

i –  (1):

iiii eyyxxR 22 )()(                                            (1)

ie  -  ( ) (2).
m

i
iii yxZPe

1

2)),((                                                         (2)

i

 ( , ).

 [4,5] (3):

22

2
1

2
11

)()(
...

)()(
][

iii yyxxR

yyxxR
OF                                           (3)

 (4):

0ie                                                                 (4)

 (4)  (2),  (5, 6):

0
),(

)),((
1

2
m

i

i
ii x

yxZyxZP                                                (5)

0
),(

)),((
1

2
m

i

i
ii y

yxZyxZP                                               (6)

 (7):



64

0

),(
...

),(

),(

),(
...

),(

),(

),(
...

),(
),(

2

1

2

1

22

11

y
yxZ

y
yxZ

y
yxZ

x
yxZ

x
yxZ

x
yxZ

yxZP

yxZP
yxZP

mm

T

mm

                                (7)

 [6] (8):
])()[(log),( 22

1010 iii yyxxyxZ                              (8)

0 1  - , 
.  (9, 10):

22

2
1

)()(
)(2),(

ii

ii

yyxx
xx

x
yxZ

                                            (9)

22

2
1

)()(
)(2),(

ii

ii

yyxx
yy

y
yxZ

                                          (10)

 (8), (9)  (10)  (7)  (11):

0

)()(
)(

...
)()(

)(
)()(

)(

)()(
)(

...
)()(

)(
)()(

)(

])()[(log
...

])()[(log
])()[(log

22

2

22

2

22

2

22

2

22

2

22

2

22
1010

2
2

2
210102

2
1

2
110101

ii

i

ii

i

ii

i

ii

i

ii

i

ii

i

T

mmm

yyxx
yy

yyxx
yy

yyxx
yy

yyxx
xx

yyxx
xx

yyxx
xx

yyxxP

yyxxP
yyxxP

 (11)

. 
. 

, . , 

 [3].

. , , 
.

. -

. 
, 

.  (11):
),( iii QqRR                                                          (11)



65

q — ; Q -  i- .
 (11) 

(12):

1
1
11 kkkk RCqq                                                      (12)

 (m ) (13):

11
1

111 )( k
T
kk

T
kkk RCCCqq                                            (13)

 (14)
)1(01 kk RRR                                                           (14)

- R )1(0 kR ; 1kC
,

 (15):

22

2

2
2

2
2

2

2
1

2
1

2
1

22

2
2

2
2

2

2
1

2
1

1

1
1

)()(

)(
...

)()(

)(
)()(

)(

)()(

)(
...

)()(

)(
)()(

)(

mm

m

i

mm

m

k

yyxx

yy

yyxx

yy
yyxx

yy

yyxx

xx

yyxx

xx
yyxx

xx

C                            (15)

 = 1, 2, ... — .

1kC 1kR
,  - , 

. , 

, .
.

1.   . : 
00 , yx ; 

mm yxyxyx ,,...,,,, 2211 ; 
R .
2.   . 

)1(0 kR iR .  (14).

3.  1kC  (15)
4. . 

 (12) 
,  (13).

. , 
, 

. 



66

. 
1, 2 3) . 3 [7].

0

0,05

0,1

0,15

0,2

0,25

0,3

0,35

-46 -47 -48 -49 -50 -51 -52 -53 -54 -55 -56 -57 -58 -59 -60 -61 -62 -63 -64 -65

, dBm

 1  2  3

. 3.
Fig. 3. Received signal strength distribution
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Fig. 5. Location error distribution
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Fig. 6. Pattern recognition location
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Fig. 7. Location error distribution
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Lip anskis I. Telpu pozicion šanas sist mu algoritmi
Darb  ir apl koti algoritmi objektu pozicion šanas sist m, kuru pamat  ir pie emt  sign la jauda. Šie
algoritmi ietver sev  tradicion las metodes, kuras jau tika aprakst tas literat , bet ir ar   jauni, izveidoti uz
daudzstaru sakaru kan lu mode iem. Telpu pozicion šanas sist mu algoritmi var b t klasific ti p c  sekojošiem
parametriem: šablona atpaz šanas metode, koordin tu noteikšanas algoritms,  algoritma paplašin juma iesp jas
un citi parametri. Dotaj  darb  algoritmi klasific ti p c distances m jumiem  un šablona atpaz šanas. T pat ir
doti algoritmi, apr inu rezult ti un pozicion šanas k das sadal jumu funkcijas. Ir apl koti galvenie pozit vie
un negat vie raksturojumi katram navig cijas parametru apr in šanas veidam.

Liplansky  I. Algorithms for indoor positioning systems
In this work algorithms for indoor positioning systems based on received signal strength are presented. These
algorithms include some traditional methods which were already described in literature, and similarly new,
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based on the models of the multipath channel models. The indoor positioning systems based on received signal
strength can be classified by followings parameters: method of Pattern recognition, coordinates determination
algorithm, expansibility of algorithm and other parameters. In this work classification it is based on the location
algorithm and recognition of template. Algorithms, results of calculations and location error distribution
function are similarly resulted. Basic positive and negative parts are considered  for each of the presented
methods of decision of navigation tasks.
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