17

120 120

Rea Rea

FIG. 1



217

200

v

Device & Device B
Crounda I,,.?;h-}. E
L = N SOy
1
R T L e
':'"'E-.“.
| I

=== —t4a (Tag)

FIG. 2



317

300

v

performing a ranging operation for determining / 302
a distance between a first node and a second
node of the wireless communication network

determining the distance based on a response 304
delay at the first node and a response delay at /

the second node in relation to the ranging
operation

FIG.3
e 0 ( E 450
402 | transmitter
452 -
transmitter
404 | receiver B
454

receiver

Distance
406 | computing 456
module

- processor

FIG. 4A FIG. 4B



al7

500

v

400 450

Device A Device B

T "
“reply B

$
i
Fround A

|
i

FIG. 5



517

(A) (B)

450
Location 400

400

Tag

| Iteration Number: 1
L Process Delay: N/A
Jo

tzeplvB

Iteration Number: 1
Process Delay: N/&

First Ranging Iteration

n™ Ranging Iteration

450

Location
Sensor Tag (@] Sensor

by

,—>| Iteration Number: n

Process Delay: trpips for
(n-1)™ iteration

tqeplvB

Iteration Number: n

Process Delay: bepyp for
(n-1)™ iteration

400 L:lasﬁgl

Sensor

(©)

Iteration Number: n

Process Delay: beplys for
-Itp penultimate iteration

t'xeplvB

Iteration Number: n

Process Delay: bepigp for
penultimate iteration

Dummy Iteration

Process Delay: trpys for
last tteration

Dummy Iteration

Process Delay: bepyp for
Last Ranging Iteration last iteration

FIG. 6



6/7

700
& 720
Octets: 2 1 410 20 n 2
Data
MAC Frame Address
sublayer 702 Control Sp?ﬂ:ﬁ;e Information -
/ \ MHR MSDU MFR
Octets: 4 1 1 5+(4t020)+n
PHY Preamble [Start of Frame{ Frame
layer |Sequence| Delimiter | | ength
SHR PHR PsSDU
11 +{4to20)+n
\ P PPDU \
704 706 708 710
FIG. 7
1 20 T T T T T

—# Distance Calculated
—  Actual Distance

100 | .
80+ .
E
8 6ol i
I
i)
-]
40+ i) ]
20 ’ﬂ i
uﬂgf
0 10

20 30 40 50 60
Readings over a Range of 100m in Steps of 2m

FIG. 8A



MEASURED DISTANCE (m)

717

25

20

-
i
I

-
]
T

b

b

b

1

1 1 1

RMS ERROR ()

1 1
5 8 10 12 14 16 18

MO, OF [TERATIOMNS (M)

FIG.9

2 4 20
ACTUAL DISTARMNCE (m)
FIG. 8B
| SAMPLING FREQUENCY OF NODE A: 8MHz |
i | sAMPLING FREQUENCY OF NODE B |-
]
' 7MHz
L | 2
! 8 MHz
L e et 5 5 oo
9 MHz Wy PR Bt e L
1 1 1 1 1 1 1 1 1
0 i 20 30 40 S0 eo 70 &0 S0 100



