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AN AUTONOMOUS DETECTING AND POSITIONING METHOD OF INDOOR
WIRELESS NETWORK FAULTS

Field of the invention

The present invention relates to an autonomous detecting and positioning method of
indoor wireless network faults, which belongs to the field of indoor wireless network

maintenance of mobile communication field.

Background of the invention

With the development of wireless communication technology and the increase of
indoor data business, indoor wireless signal becomes more and more important, and
indoor wireless networks become one of the principle ways to deal with indoor network
coverage and shunt, or accept, the user's traffic flow. Therefore, to detect the faults of
indoor wireless network devices in time is the premise of ensuring normal operations
of the existing wireless communication networks and improving customer satisfaction.
Under the current situation, the monitor rate of mobile operators on outdoor active
devices can reach above 90%, while the monitor on passive devices of indoor wireless
networks is just on its debut. On the one hand, this is due to the late starting of indoor
networks relative to outdoor networks, on the other hand, this is also because that it
is harder to monitor indoor passive devices, and a simple but effective monitor way is

also lacked.

The frequently employed methods to monitor faults of indoor wireless networks mainly
include artificial dial testing and periodic inspection, which not only takes a long period
of time to inspect, but also cannot discover and locate the faults in time. Hubei Mobile
has proposed to achieve the monitoring of faults of indoor passive devices by using a
method that intelligently analyses, and positions the passive devices with faults by
sensing the intensity of electromagnetic wave radiations of terminal antennas, and
applying the technology of ZigBee Internet of things. However, although this method

is reliable, it needs to build an additional wireless sensor network which costs a lot.

In conclusion, at present, a technical problem that needs to be solved urgently by
persons skilled in the art is: how to achieve automatic detection and rapid positioning

of indoor wireless network faults.
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Summary of the invention

The purpose of the present invention is to solve the above problem, and provides an
automatic detecting and positioning method of indoor wireless network faults, which
has the advantage of achieving autonomous detecting and positioning of indoor

wireless networks faults.

To achieve the above purpose, aspects of the present invention applies the following
technical solution:

According to a first aspect of the present invention there is provided an autonomous
detecting and positioning method of indoor wireless network faults, the method
comprising: building an indoor three-dimensional spatial structural model and an
indoor transmitting antenna model of a target building, calculating, in the indoor three-
dimensional spatial structural model, the signal strength of the indoor transmitting
antenna model inside the target building according to a ray-tracing propagation model
algorithm to accordingly determine key testing positions of the target building,
deploying mobile phones with an automatic dial testing function at the key testing
positions of indoor wireless networks and starting the dial testing mobile phones when
the wireless networks are idle, counting on-states of the dial testing mobile phones,
collecting measurement reports reported by the dial testing mobile phones, judging
faults of indoor networks and devices according to the on-states of the dial testing
mobile phones and the measurement report reported by the dial testing mobile

phones.

According to a second embodiment of the present invention there is provided a method
for autonomous detecting and positioning of indoor wireless network faults, the method
comprising: building an indoor three-dimensional spatial structural model and an
indoor transmitting antenna model of a target building, calculating, in the indoor three-
dimensional spatial structural model, the signal strength of the indoor transmitting
antenna model inside the target building according to a ray-tracing propagation model
algorithm to accordingly determine key testing positions of the target building,
deploying wireless units with an automatic connection testing function at the key
testing positions of indoor wireless networks and starting the connection testing

wireless units when the wireless networks are idle, counting on-states of the
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connection testing wireless units, collecting measurement reports reported by the
connection testing wireless units, judging faults of indoor networks and devices
according to the on-states of the connection testing wireless units and the

measurement reports reported by the connection testing wireless units.

An autonomous detecting and positioning method of indoor wireless network faults,
the method may comprise the following steps:

step (1): building an indoor three-dimensional spatial structural model and an
indoor transmitting antenna model of a target building;

step (2): calculating the signal strength of the indoor transmitting antenna model
in step (1) inside the target building by using a ray-tracing propagation model algorithm
in the indoor three-dimensional spatial structural model;

step (3): determining key testing positions of the target building and reference
signal strength that can be received by the dial testing mobile phones at the key testing
positions, based on the calculation results in step (2);

step (4): deploying mobile phones with a timing automatic dial testing function
at the key testing positions determined in step (3); the timing automatic dial testing
function includes the automatic dial testing time, frequency, target objects or business
of the user-defined mobile phones;

step (5): on network side, judging on-states of the dial testing mobile phones,
collecting measurement reports reported by the dial testing mobile phones, and
extracting respectively the measurement reports of the dial testing mobile phones that
correspond to several transmitting antennas according to the automatic dial testing
time and indications of the dial testing mobile phones in step (4);

step (6): judging transmitting antennas with faults according to the on-states of
several dial testing mobile phones extracted in step (5), the reference signal strength
information in the measurement reports, and the reference signal strength that can be

received by the dial testing mobile phones at the key testing positions in step (3).

The construction process of the indoor three-dimensional spatial structural model in
step (1) may comprise: three-dimensional modelling the CAD format drawings of the
target building for each floor respectively, and storing separately the three-dimensional

spatial construction data of each floor; the three-dimensional spatial construction data
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includes the vertical heights of the floors, horizontal areas of the floors, data of the

building materials of the floors and data of the layout and structures of the floors.

The construction process of the indoor transmitting antenna model in step (1) may be:
recording and storing the data of all transmitting antennas inside the target building;
the data of the transmitting antennas includes information of specific locations of the
transmitting antenna in the target building and the three-dimensional radiation

parameter, power, frequency and angle of the transmitting antenna.

Step (2) may include simulating respectively the signal strength of each of the
transmitting antennas in the target building, and the specific procedure of calculating
the signal strength using the ray-tracing propagation model algorithm is shown in steps
(2-1)-(2-8).

Predicting out the signal strength of one transmitting antenna received at a receive
point inside the target building by the ray-tracing propagation model algorithm, and the
specific procedure may be as shown in (2-1)-(2-6):

step (2-1). according to the locations of the transmitting antennas and the
receive points, determining all propagation paths of rays emitted from the transmitting
antennas to the receive point i: N is the total number of the propagation paths from the
transmitting antennas to the receive point i;

step (2-2): calculating propagation losses of each of the propagation paths in

the free space, wherein the propagation loss value of the kth path in the free space is

le(fhdgd O s k= \} wherein f is signal frequency (MHz), dk is the transmission
distance (km) of the kth path in the free space; then the loss value (dB) of the kth path
in the free space, regardless of transmission, reflection and diffraction, can be

calculated by the following formula:

Le (5, dy) = 201 0gl0 {0 +201og 10 (d) +32. 45
step (2-3): calculating the loss of each propagation path under the influence of
building materials, wherein Ly 4t ()is the total fading of the transmissions, reflections
and diffractions caused by the building materials on the kth path; T is the total number

of all building materials inside the target building, and the jth material is represented
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transmission, reflection or diffraction between the wireless signal and the building

are the correlation coefficients of whether there is

materials on the kth path,

{O, transmission of material M; does not exist
£, transmission of material M; exists’

5 {O, diffraction of material M; does not exist
a1, diffraction of material M; exists’

{O, reflection of material M; does not exist
s

1, reflection of material M; exists’

in the database of the wireless propagation loss parameters of the building materials,
L'&{\I*M;;.-j’ Ldﬁfﬁ%:” LARMT are respectively: the loss parameters of transmission,

diffraction and reflection of the frequency corresponding to material M;, when the
wireless signal frequency is f; then the total fading Lyap(f) of the transmissions,
diffractions and reflections caused by the building materials on the kth path is

calculated by the following formula:

1+

|
-

Laar® = ) (St {8 w\ +85d » Lglf, M}-} + B L{f, Mi)}

i
step (2-4): calculating the propagation loss L{f. ds} of each of the propagation
paths with the following formula:
Lifdy) = Lptfided + Lygar(®
step (2-5): calculating the total loss PL(dB) of the propagation paths of N ray
propagation paths to the ith point; since the energy of each ray propagation path is in
linear relationship, the calculation of the loss of a plurality of propagation paths can
start from the superposition of the energy of each ray (mW), followed by taking average
and transforming the energy values into path loss values; the calculation formula of

PL is as follows:

L

&
1
PL=N}g§§Z{10 )
=]

step (2-6). calculating the wireless signal strength at receive point i, assume

that B isthe signal strength (dBm) at the ith receive point; Biis the transmitting power

(dBm) of the wireless signal transmitting antenna; G: and®r are respectively the
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antenna gains (dBi) of the wireless signal transmitting antenna and the receive point,

then the signal strength B at the ith receive point is calculated by the following

formula:

step (2-7): selecting all other receive points in the scene, repeating step (2-1)
to step (2-6) to accordingly obtain the wireless signal strength of one transmitting
antenna at all receive points;

step (2-8). selecting other transmitting antennas of the indoor wireless
networks, repeating step (2-1) to step (2-7) to accordingly obtain the wireless signal
strength information of each of the wireless transmitting antennas in the scene.

the step (3) may comprise the following steps:

step (3.1): as regards the simulation results in step (2), selecting a horizontal
plane at the same height with the transmitting antennas from the floors, sampling the
field strength generated by each of the transmitting antennas respectively according
to a preset sampling resolution, and storing the sampling results in a database;

assume that the number of the sampling points of the scene is m, wherein n
transmitting antennas are provided, which are respectively recorded as Tx1, Tx2, ...,
Txn, then the sampling result is stored as a two-dimensional array of mxn (m lines and
n columns); each line of data in the two -dimensional array records the field strengths
of n transmitting antennas at one position, and the field strengths of n transmitting

antennas at the ith position are recorded as

Eg=1E By, oo Einl (1 "”*1*’”m), each column of data in the array

records the field strengths of one transmitting antenna at m positions in the samples

respectively, the field strengths of the pth transmitting antenna at m positions

_ TE, LB, weenss SR _ _
respectively are recorded as e By o By . the sampling resolution must

ensure that the number of the sampling points m is bigger than the number of the
transmitting antennas n (m>n);

step (3.2): processing the data in the sampling results stored in step (3.1),
searching n key testing positions from m positions, each of which corresponds to a
transmitting antenna, the basis of searching key testing positions is to ensure that the

difference between the signal strength generated by the transmitting antenna
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corresponding to a key testing positions and that generated by other antennas is the

biggest, assume that position i is the key testing position of the pth transmitting

antenna, then . for any other positions 4(1 = 4= m a7 | there is:
min{|E;y — Eip|, |Eiz — Eipls o s |Ein — Eipl}
> min{|Eq s — Eqpl [Eqz = Eqplr s |[Eqn = Eqpl}

that is, the minimum value of the difference between element Eip and other elements

in BELEG G By oo + 114 is larger than that between element Eqp and other

elements in &qm[hq’ L, }f‘u'l" T, E‘lq,u.], assume that P1, P2, ..... , Pn are

respectively the key testing positions corresponding to the transmitting antennasTx1,
Tx2,...... , 1xn, the value of Eip represents the field strength of the pth transmitting

antenna at the key testing position i, which is recorded as W, = E;,,, and the field

strengths generated by transmitting antennas corresponding to the n key testing

T e FWEE . AR car
iy \‘ﬁﬁk e ‘&%\* v‘f« WA R § X"&@ 3
positions are recorded as 1 S P

brnrr

step (3.3): the signal strength Wat n key testing positions is calculated via
simulation in the correction step (3.2), and the correction process is to correct the
signal strength at n key testing positions calculated via simulation according to the

technical standards of the networks (GSM, CDMA, WCDMA, TD-SCDMA, TD-

LTE, etc.), the ratio of the reference signal power in the total power that is set in the
networks, and the gain of the receive antenna of the dial testing mobile phones, storing
the correction results as the reference signal strength that can be received by the

mobile phones at the key testing positions.

For example: if WCDMA technical standard is applied to the indoor wireless networks,
the network reference signal (pilot signal) power takes 10% of the total signal power,

and the receiver gain is 3dBi, then the field strength of the reference signal received

aaads,

by mobile phones is W =W —10dB + 3dB

When information of the transmitting antenna changes within a region, it is necessary
to recalculate the field strength generated by the transmitting antennas in the three-

dimensional space according to step (2), recalculate the key testing positions of each
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of the transmitting antennas according to step (3), and recalculate and store the
reference signal strength received by the mobile phones at the key testing positions.
The changes of the information of the transmitting antennas includes: adjustments to
the transmitting antenna parameters, alternation of locations of the transmitting

antennas or increases in number of the transmitting antennas.

The mobile phones in step (4), having an timing automatic dial testing function which
is customized by the mobile phone manufacturer, may be supplied with electric power
by connecting to wired power supply;

the user-defined settings in the step (4) is based on the distribution diagram of
the telephone traffic in the target building over time, the automatic dial testing time is
set when the networks are idle, the automatic dial testing frequency is set as once per
day or a plurality of times per day, the target objects of dial testing are other testing
mobile phones or internet servers, the business of dial testing is language business,
data business or a combination of a plurality kinds of businesses. The type of dial

testing may be speech, data or a combination of a plurality of speech and data.

The step (6) comprises the steps: judging the transmitting antenna with faults
according to the on-states of n dial testing mobile phones corresponding to n key

testing positions extracted in step (5), the reference signal strength information in the

—_—

measurement reports, and the strength information W of the reference signal
received by the mobile phones at the testing positions stored in step (3.3), assume

that the reference signal strength information of n dial testing mobile phones in the

measurement reports is recorded as Me = [Me, MQ;&', : --‘-*"Mt”], then the reference

signal strength information received by the mobile phones in normal situations at n key

testing positions is recorded as , calculate the value

ASiMe, W L, 1sSp=n

H

of wherein, AP represents the difference value

between the reference signal strength information Me,, actually measured by the dial
testing mobile phones and the reference signal strength information W' p theoretically
received by the dial testing mobile phones, at a key testing position p; the transmitting

antenna Txp corresponding to the dial testing mobile phone p is considered to have
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faults if AP exceeds a certain threshold value A for H times consecutively and/or

the mobile phone p has problems in getting through for | times consecutively.

The number of times H that Ap exceeds the threshold, the number of times | that the

mobile phone has problems in getting through and the threshold A can all be set

by oneself according to the requirements to the indoor wireless networks of the scene,

the fluctuation situation of ¥ and how difficult the inspection and maintenance of the

scene is.
The advantageous effects of this invention:

1. This method demands neither the network maintenance staff to measure on site,
nor to construct additional wireless networks, but requires only to deploy dial testing
mobile phones at the key testing positions of the indoor wireless networks, and the
location where a fault occurs can be accurately positioned by analyzing the on-states
and measurement reports of the dial testing mobile phones. Comparing with traditional
methods of positioning and detecting network faults, this method saves more human

costs and resource costs.

2. The method of obtaining the signal strength of the target building in step (1) and
step (2) applies the ray-tracing propagation model to predict via simulation, this
method is advantageous in establish field strengths in that the establishment process

is rapid while the result is accurate.

3. The selection of key testing positions of the antennas in step (3) is based on the
signal strength predicted in step (2), therefore when the signal strength changes, the
key testing positions of the antennas should also change accordingly, in general,
slightly changes of the antenna parameter do not require to recalculate key testing
positions, but require only subtle corrections and adjustments to the reference signal

strength received by the mobile phones at the key testing positions.
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4. The autonomous detecting method of network faults proposed in this invention can
discover network faults and replace the wireless network devices of similar index in
time, reducing to a largest extent the influences of faults of the room separator upon
the performance of indoor wireless networks. And the method herein can continue to
be used to perform autonomous detecting and positioning of network faults without
recalculating key testing positions and the reference signal strength received by the
mobile phones at the key testing positions after replacing the wireless network devices

with similar index.

Brief description of the drawings:

Figure 1 is the autonomous detecting and positioning method of indoor wireless

network faults proposed in the present invention;

Figure 2 shows the three-dimensional spatial structural model of a target building and

the positions of the indoor transmitting antennas;

Figure 3 is a diagram of three propagation paths of the ray emitted by a left WCDMA

antenna that can be received at point i;

Figure 4 is a distribution diagram of the key testing positions of the three transmitting

antennas on the first floor of the building.

Detailed description of the invention

The present invention will be further described in combination with the figures and

embodiment.

An autonomous detecting and positioning method of indoor wireless network faults of
this invention is applied to autonomously detect and position the faults of the WCDMA
indoor wireless network in a target building of 5 floors (the floorage of each floor is 600
m2). The WCDMA indoor wireless networks in the target building belong to a same
cell, and have 15 indoor wireless network transmitting antennas in total, 3 for each

floor, which are arranged above the 2.4 meters high ceilings.
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The technical solution this invention is not limited to WCDMA networks, but can also
be applied to one or a combination of multiple other wireless communication networks

(wireless wide area network and wireless local network).

As shown in Fig. 1, a method of rapidly establishing fingerprint database of indoor

wireless signals comprises the following steps:

(1): 101 - building an indoor three-dimensional spatial structural model and an indoor
transmitting antenna model of a target building. Building the indoor three-dimensional
spatial structural model of the target building comprises: three-dimensional modeling
the CAD format drawings of the target building for each floor respectively, according
to the CAD format drawings of the target building and the existing modeling
technology, storing separately the three-dimensional spatial construction data of each
floor; the three-dimensional construction data in this embodiment includes: the vertical
height of a floor is 3 meters, the horizontal area of a floor is 600 m?, the building
materials of the floors include brick wall, concrete wall and wooden doors, the layout
of the floors is shown in Fig. 2. The transmitting antenna model in this embodiment
includes: the horizontal position of the transmitting antennas is shown in Fig. 2, the
transmitting antennas are positioned above the ceiling of a vertical height of 2.4
meters, the transmitting antennas (Tx1, Tx2, Tx3) are 3dBi omnidirectional antennas,
the transmitting power of the transmitting antenna is 20dBm, the signal frequency of
the transmitting antenna is 2100MHz, and the down tilt angle of the transmitting
antenna is 5 degrees. Fig. 2 shows the plane structure of the three-dimensional spatial
model of the first floor of the target building according to the CAD drawings thereof,
and the positions of WCDMA indoor wireless network transmitting antennas in the

plane diagram.

(2): 102 - calculating, in the indoor three-dimensional spatial structural model, the
signal strength of the transmitting antenna in step (1) inside the target building by using
a ray-tracing propagation model algorithm; the calculation process via simulation
includes simulating respectively the signal strength of each of the transmitting

antennas in the target building, the specific procedure is shown in steps (2-1) to (2-8).
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Predicting the signal strength of one transmitting antenna received at a receive point
inside the target building by using the ray-tracing propagation model algorithm, the

specific procedure is shown in (2-1)-(2-6):

(2-1): according to positions of the left WCDMA wireless transmitting antenna (Tx1) in
the indoor wireless networks and the receive point i, determining all propagation paths
of the rays emitted from the left WCDMA wireless transmitting antenna of the indoor
wireless networks to the receive point i, the propagation paths comprising: N=3 ray

propagation paths, ray path a, ray path b and ray path c; as shown in Fig. 3.

Wherein, ray path a reaches the receive point i after being reflected by and penetrate
the concrete walls; ray path b reaches the receive point i after penetrating the concrete
walls and brick walls; ray path ¢ reaches the receive point i after penetrating the

wooden doors and brick walls, and reflected by the concrete walls;

(2-2): calculating the propagation loss of each of the propagation paths in the free
space, and the path lengths of the above ray path a, ray path b and ray path ¢ are
respectively 6.6 meters, 5.2 meters and 7.1 meters, the transmitting frequency of the

wireless signal is 2.1 GHz;

wherein the value of propagation loss of the kth path in the free space is

L0 dd U K=3) f s the wireless signal frequency (MHz), dk is the
transmission distance (km) of the kth path in the free space; then the loss value of the
kth path in the free space, regardless of transmission, reflection and diffraction, is

calculated by the following formula:

Lo(F, d) = 201oglO{f)+201ogl0(d,) +32, 45

According to this formula, the loss values of the above three ray paths a, b and ¢ in
the free space are respectively calculated as 55.29dB, 53.21dB and 55.92dB.

(2-3): calculating the loss of each ray path under the influence of building materials,
wherein Lyar(f) represents the total fading of the transmissions, reflections and

diffractions caused by the building materials on the kth path; T is the total number of
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all building materials in the target building, and the jth material is represented as

M. (1 <5 <0 T) ot &8 W . : .
My (b= j=1 7 respectively represent the correlation coefficients of

whether there is transmission, reflection or diffraction between the wireless signals on
the kth path and the building materials,

0, transmission of material M; does not exist

t = {1, transmission of material M; exists
0, diffraction of material M; does not exist

a = {1, diffraction of material M; exists

{O, reflection of material M; does not exist
s

1, reflection of material M; exists
in the database of parameters of wireless propagation loss of the building materials,

Lidf M} » Bl M; ) Lr{{'Mi} are respectively: the loss parameters of the transmission,

diffraction and reflection of the frequency corresponding to material M;, when the
wireless signal frequency is f; then the total fading Lyap(f) of the transmissions,
diffractions and reflections caused by building materials on the kth path is calculated

by the following formula:

T
Luar( = Z{ Bt~ L{fM, ) + &d « La{8 M} + 8r = L. {£, M}
4

According to the database of the wireless propagation loss parameters of the building
materials, when the frequency of wireless signal is 2.1 GHz, the transmission loss of
brick walls, concrete walls and wooden doors are respectively 6.77 dB, 20.25 dB and
4.44dB, the reflection loss of concrete walls is 6dB, and according to the formula
-
Lagar(fd = D (St~LJEM )+ 8d » La{f. M} + Sr~ L {fM;})
=1 the loss of path a equals to
the reflection loss plus the transmission loss of the concrete walls; the loss of path b
equals to the transmission loss of the concrete walls plus that of the brick walls; the
loss of path ¢ equals to the transmission losses of the wooden doors and the brick
walls plus the reflection loss of the concrete walls; the losses of the above three ray
paths a, b and ¢ under the influence of building materials are calculated respectively

as: 26.25dB, 27.02dB and 17.21dB;
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(2-4): calculating the propagation loss L(f,dk) of each propagation path by the following

formula:
L{f dy ) = Lplf dy) + Lyar (D)

According to this formula, the propagation losses L(f,dk) of the above three ray paths
a, b and c to the receive point i are calculated as 81.54dB. 80.23dB. 73.13dB.

(2-5): calculating the total loss PL(dB) of the N=3 ray propagation paths to the ith point;
since the energy of each ray propagation path is in linear relationship, the calculation
of losses of a plurality of propagation paths can start from the superposition of the
energy (mW) of each ray, followed by taking average and transforming the energy

value into path loss value; the calculation formula of PL is as follow:
1 X ea
X ) Ll«..‘f-‘"i{.}
PL = iﬁig{ﬁ—_;iim 15 )k

k=1

The total losses of the above three ray paths is calculated and obtained: PL=79.52dB.

(2-6): calculating the wireless signal strength at the receive point i, assume that Pjis
the signal strength (dBm) at the ith receive point; Pt is the transmitting power (dBm) of
the wireless signal transmitting antenna; Gt and G, are respectively the antenna gains
(dBi) of the wireless signal transmitting antenna and the receive point, then the signal

strength P; at the ith receive point is calculated by the following formula:

B=R—-PL+G+6;

Since step (1) records that the antenna gains of the wireless transmitting antennas
and the receive point i are all 3dBi, the transmitting power of the wireless transmitting
antenna is 20dBm, therefore the wireless signal strength P; at the receive point i is

calculated as Pi= -53.52dBm according to this formula;

(2-7): selecting all other receive points in the scene, repeating step (2-1) to step (2-6)

to obtain the wireless signal strength of one transmitting antenna at all receive points.



WO 2015/097482 PCT/GB2014/053848
15

(2-8): selecting other transmitting antennas of the indoor wireless network, repeating
step (2-1) to step (2-7) to obtain the strength information of wireless signal of each

wireless transmitting antenna in the scene.

(3): 103 - determining key testing positions of the target buildings according to the
simulation results in step (2). The method of determining the key testing positions of

the target building comprises the following steps:

(3.1): as regards the simulation results in step (2), selecting a plane at the same height
with the transmitting antennas from the floors, which is 2.4 meters in this embodiment,
selecting accordingly the height of 2.4 meters as the sampling plane and sampling
respectively, by a resolution of 1 meter, the field strength generated by 15 transmitting
antennas in this embodiment, since the floorage of each floor of the scene is 600 m?,
and the overall floorage is 3000m?, therefore the number of sampling points of the
scene is 3000, and the sampling result can be stored as a two-dimensional array of
3000x15 (3000lines and 15 columns), wherein each line of data thereof records the
field strengths of 15 transmitting antennas at one position, the field strength of the 15

transmitting antennas at the ith position IS recorded as

e
.

= e By, wennlias] (1 2123000) gach column of data records the
field strength of one transmitting antenna at the 3000 positions of the samples, the
field strength of the pth transmitting antenna respectively at the 3000 positions is

recorded as

S
N

LEy B gt s Ragno, pd (1 =p=15)

(3.2): processing the data in the stored sampling results in step (3.1), searching n key
testing positions from m positions, each of which corresponds to a transmitting
antenna, the basis of searching key testing positions is to ensure that the difference
between the signal strength generated by the transmitting antenna corresponding to
a key testing position and that generated by other antennas is the biggest, assume

that i position is the key testing position of the pth transmitting antenna, then , for any

other positions al < g < 3000, q 1, there is:



WO 2015/097482 PCT/GB2014/053848
16

min{lEill — Ei,p |, |Ei,2 — Ei,pl' ...... , |Ei,15 — Ei,pl}
> min{|Eq; — Eqpl, [Eqz — Eqpl, - -, [Eqs — Eqpl}

that is, the minimum value of the difference between element Eip and other elements

is larger than that between Eqp and other elements

in Bg = Bqur Eq;;%s "““"“'EﬁixlSz}. As shown in Fig. 4, P1, P2 and P3 are key testing
positions respectively correspond to the 3 transmitting antennas Tx1, Tx2 and Tx3 on
the first floor of the building, the value of element E is recorded as the signal strength
of the pth transmitting antenna at the key testing position i, which is recorded as:

Wp=Eip, the field strengths of the transmitting antennas at 15 key testing positions are

recorded as W= Imfl’ ‘VVZ‘ ads one g i"\flg]

(3.3): correcting the signal strengths W at 15 key testing positions that are calculated
via simulation in step (3.2), since WCDMA technical standard is applied to the indoor
wireless networks, the power of network reference signal (pilot signal) takes 10% of

the total signal power, and the receiver gain is 3dBi, then the field strength of the

reference signal received by the mobile phones is W = W— 10dB + 35“3

(4): 104 - deploying simplified mobile phones with dial testing function at the 15
determined key testing positions in step (3), the mobile phones having the timing
autonomous dial testing function which may be customized by the mobile phone
manufacturer are supplied with electric power by a wired power supply, the timing
autonomous dial testing function includes that the user can define the automatic dial
testing time, frequency, target object and service type, the basis of the user-defined
settings is the distribution diagram of the telephone traffic in the target building over
time, the automatic dial testing time is set when the networks are idle, the automatic
dial testing frequency is set as once per day or a plurality of times per day, the target
objects of dial testing are other testing mobile phones or Internet servers, the service
type of dial testing is voice call, data connection or a combination of a plurality kinds
of services. In other words the dial testing may use speech-type traffic, data-type
traffic or a combination of a plurality of traffic types. The timing automatic dial testing

function may be that the mobile phone has a timer for initiating the autonomous dial
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testing function. In this embodiment, according to the statistical diagram of the
telephone traffic in the building, the lowest telephone traffic appears in 3 o'clock in the
morning, and the automatic dial testing frequency is set as once per day at 3 o'clock
am, and the automatic dial testing function of the 15 dial testing mobile phones is

activated in order and respectively to dial voice calls to a certain testing mobile phone.

(5): 105 - on network side, judging on-states of the dial testing mobile phones,
collecting measurement reports on the mobile phones, and extracting respectively the
measurement reports of the dial testing mobile phones that correspond to the 15
transmitting antenna, according to the dial testing time set in step (4), the indications
of the cell where the indoor wireless networks locate and the indications of the dial

testing mobile phones.

(6): 106 - judging the transmitting antennas with faults according to the on-states of 15
dial testing mobile phones extracted in step (5), the reference signal strength

information in the measurement reports, and the reference signal strength information

_—

W' received by the mobile phones at the key testing positions stored in step (3.3),

assume that the reference signal strength information of 15 dial testing mobile phones

M o= iMC}L ¥ Mﬁ&. v ey MEy5

in the measurement reports is recorded as ', then the

reference signal strength information received by the mobile phones in normal

i

D : L : W= W, W W
situations at 15 key testing positions is recorded as Wi={Wh Wy conee Wiys]

calculate the value of A= |Mep — W’,-|, (1 < p < 15), the transmitting antenna Txp
corresponding to the dial testing mobile phone p is considered to have faults if &p

exceeds a certain threshold value A for H times consecutively and/or the mobile

phone p has problems in getting through for | times consecutively. Preferably, the
present invention applies the threshold of & =7 dB» H=5y 153 hatis the dial testing
mobile phone is considered to have faults when Ap exceeds a certain threshold

value A for 5 times consecutively and/or the mobile phone p has problems in getting

through for 3 times consecutively.
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Although the aforementioned content has described the specific embodiment in
combination with the figures, it does not limit the protection scope of this invention,
and it shall be understood by a persons skilled in the art that, on the basis of the
technical solution of this invention, various kinds of amendments or alternations that
can be made without paying any creative efforts are still within the protection scope of

the present invention.

The applicant hereby discloses in isolation each individual feature described herein
and any combination of two or more such features, to the extent that such features or
combinations are capable of being carried out based on the present specification as a
whole in the light of the common general knowledge of a person skilled in the art,
irrespective of whether such features or combinations of features solve any problems
disclosed herein, and without limitation to the scope of the claims. The applicant
indicates that aspects of the present invention may consist of any such individual
feature or combination of features. In view of the foregoing description it will be evident
to a person skilled in the art that various modifications may be made within the scope

of the invention.
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CLAIMS

1. A method for autonomous detecting and positioning of indoor wireless network
faults, the method comprising:

building an indoor three-dimensional spatial structural model and an indoor
transmitting antenna model of a target building,

calculating, in the indoor three-dimensional spatial structural model, the signal
strength of the indoor transmitting antenna model inside the target building according
to a ray-tracing propagation model algorithm to accordingly determine key testing
positions of the target building,

deploying wireless units with an automatic connection testing function at the
key testing positions of indoor wireless networks and starting the connection testing
wireless units when the wireless networks are idle,

counting on-states of the connection testing wireless units, collecting
measurement reports reported by the connection testing wireless units, judging faults
of indoor networks and devices according to the on-states of the connection testing
wireless units and the measurement reports reported by the connection testing

wireless units.

2. The method for autonomous detecting and positioning of indoor wireless network
faults according to claim 1, wherein the wireless units with an automatic connection

testing function are mobile phones with an automatic dial testing function.

3. The method for autonomous detecting and positioning of indoor wireless network
faults according to claim 1 or 2, wherein the automatic connection testing function is

an automatic network service request function.

4. The method for autonomous detecting and positioning of indoor wireless network

faults according to any of claims 1 to 3, wherein the wireless units are cellular devices.

. The method for autonomous detecting and positioning of indoor wireless
network faults according to any preceding claim, the method comprising the following

steps:
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step (1): building an indoor three-dimensional spatial structural model and an
indoor transmitting antenna model of a target building;

step (2): calculating the signal strength of the indoor transmitting antenna model
inside the target building in step (1) by using a ray-tracing propagation model algorithm
in the indoor three-dimensional spatial structural model;

step (3): determining key testing positions of the target building and reference
signal strength that can be received by the connection testing wireless unitsat the key
testing positions, according to the calculation results in step (2);

step (4). deploying wireless units with a timer to initiate the automatic
connection testing function at the key testing positions determined in step (3); the
timing automatic connecting testing function includes the customizable testing time,
frequency, target and service types of the wireless units;

step (5): on network side, judging the on-states of the connection testing
wireless units, collecting measurement reports reported by the connection testing
wireless units, respectively extracting the measurement reports of the connection
testing wireless units that correspond to several transmitting antennas, according to
the automatic testing time and labelling of such wireless units as set in step (4);

step (6): judging transmitting antennas with faults according to the on-states of
several connection testing wireless units extracted in step (5), the reference signal
strength information in the measurement report, and the reference signal strength that
can be received by the connection testing wireless units at the key testing positions in
step (3).

6. The method for autonomous detecting and positioning of indoor wireless
network faults according to claim 5, which is characterized by: the construction
process of the indoor three-dimensional spatial structural model in step (1) is: three-
dimensional modeling the CAD format drawings of the target building for each floor
respectively, storing separately the three-dimensional spatial construction data of
each floor; the three-dimensional spatial construction data includes vertical heights of
the floors, horizontal areas of the floors, data of the building materials and data of the

layout and structures of the floors.

7. The method for autonomous detecting and positioning of indoor wireless

network faults according to claim 5 or 6, which is characterized by: the construction
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process of the indoor transmitting antenna model in step (1) is: recording and storing
data of all the transmitting antennas in the target building; the data of all the
transmitting antennas includes information of specific locations of the transmitting
antennas inside the target building and the three-dimensional radiation parameters,

power, frequency and downtilt of the transmitting antennas.

8. The method for autonomous detecting and positioning of indoor wireless
network faults according to any of claims 5 to 7, which is characterized by: the step (3)
comprises the following steps:

step (3.1): as regards the simulation results in step (2), selecting a horizontal
plane at the same height with the transmitting antenna from the floors, sampling the
field strength generated by each of the transmitting antennas respectively according
to a preset sampling resolution, and storing the sampling results in a database;
assume that the number of the sampling points in the scene is m, wherein n

transmitting antennas are provided, which are recorded as Tx1, Tx2, ...... . Txn,

respectively, then the sampling results are stored as a two-dimensional array of mxn;
wherein each line of data in the two-dimensional array records the field strengths of n

transmitting antennas at one position, therefore the field strengths generated by n
transmitting antennas at the ith position is recorded as E =[Ei1, Eiz o JE ] (T
i <m), and each column of data in the array records the field strengths of one

transmitting antenna at m positions, therefore the field strengths of the jth transmitting
antenna at m positions respectively in the samples are recorded as [E,
Epjonn ,Em,j]T, (1 <i < m), and the sampling resolution must ensure that the number
of the sampling points m is bigger than the number of the transmitting antennas n,
wherein m>n;

step (3.2): processing the data in the sampling results stored in step (3.1),
searching n key testing positions from m positions, each of the n key testing positions
corresponding to a transmitting antenna; the basis on which a key testing position is
selected to ensure that the difference between the signal strength generated by the
transmitting antenna corresponding to a key testing position and that generated by
other antennas is the biggest; assume that position i is the key testing position of the

jth transmitting antenna, then , for any other positions k, 1<ksm, k#i, there is:
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min{|E;y — Eip|, |Eiz — Eipls o s |Ein — Eipl}
> min{|Eq s — Eqpl [Eqz = Eqplr s |[Eqn = Eqpl}
that is , the minimum value of the difference between element Eij and other elements

in E, = [Ei1, Eiz .. ,E; ] is larger than that between element Eg; and other

elements in ET( = [Ex1, Ekaz - ,Ei ], assume that P1, P2, ..., Pn are respectively
the key testing positions corresponding to transmitting antennas Tx1, Tx2, ..., Txn,
then the value of element E;j is the signal strength of the jth transmitting antenna at
the key testing position i, which is recorded as Wj=E;;, and the field strengths

generated by transmitting antennas corresponding to the n key testing positions are
recorded as W = Wy, W, ... , Wi

step (3.3): correcting the signal strength W at the n key testing positions which
is calculated via simulation in step (3.2), and the correction process refers to correcting
the signal strengths at the n key testing positions calculated via simulation according
to the technical standards of the networks, the ratio of reference signal power in the
gross power which is set in the networks and the gain of the receive antenna of the
connection testing wireless units, and storing the corrected results as the reference

signal strength that can be received by the wireless units at the key testing positions.

9. The method for autonomous detecting and positioning of indoor wireless
network faults according to any of claims 5 to 8, which is characterized by: when
information of the transmitting antennas within a region changes, it is needed to
recalculate the field strengths of the transmitting antennas generated in the three-
dimensional spatial according to step (2), recalculate the key testing position of each
of the transmitting antennas, and recalculate and store the reference signal strength
received by the wireless units at the key testing positions; the changes of the
transmitting antenna information includes: adjustments to the transmitting antenna
parameters, alternations of locations of the transmitting antennas or increases in

number of the transmitting antennas.

10. The method for autonomous detecting and positioning of indoor wireless

network faults according to any of claims 5 to 9, which is characterized by:
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the wireless units in step (4), having the timing automatic connection testing
function which is customized by the wireless device manufacturer, are supplied with

electric power by connecting to wired power supply.

11. The method for autonomous detecting and positioning of indoor wireless
network faults according to any of claims 5 to 10, which is characterized by:

the user-defined settings in step (4) is based on a distribution diagram of the
telephone traffic in the target building over time, the automatic connection testing time
is set when the networks are idle, the automatic connection testing frequency is set as
once per day or a plurality of times per day, the target objects of connection testing
are other testing wireless units or internet servers, the service type of connection

testing are voice call, data connection or a combination of a plurality of services.

12. The method for autonomous detecting and positioning of indoor wireless
network faults according to any of claims 5 to 11, which is characterized by:

the step (6) comprises the following steps: judging the transmitting antennas
with faults according to the on-states of n connection testing wireless units
corresponding to n key testing positions extracted in step (5), the reference signal
strength information in the measurement reports, and the reference signal strength
information W' received by the wireless devices at the key testing positions stored in
step (3.3), assume that the reference signal strength information in the measurement
reports by n connection testing wireless units is recorded as Me = [Me,,

Me, ... ,Me,], then the reference signal strength information received by the
wireless devices at the n key testing positions in normal situations is recorded as W' =
W, Wy o ,W',], calculating the value of A,=|Me, —W',|, (1<p<n) ,
wherein, A, represents the difference value between the strength information of
reference signal Me,, actually measured by the connection testing wireless units and

the reference signal strength information W', theoretically received by the connection
testing wireless units, at a key testing position p; the transmitting antenna Txp
corresponding to a connection testing wireless device p is considered to have faults

when A, exceeds a certain threshold value A for H times consecutively and/or the

wireless device p has problems in getting through for | times consecutively.
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13. The method for autonomous detecting and positioning of indoor wireless network
faults according to any preceding claim, wherein the wireless devices are wireless test

devices.
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101 Constructing an indoor three-dimensional
spatial structural model and an indoor transmitting
antenna model of the target scene

A
102 Calculating the distribution of signal strengths
of the transmitting antennas in the target scene by
a ray-tracing propagation model algorithm

y

103 Determining key testing positions of the
target scene

y

104 Simplified mobile phones with a dial testing
function at the key testing positions

y

105 Collecting measurement reports by the dial
testing mobile phones

y

106 Detecting and positioning the indoor
distributed system transmitting antenna with faults

Figure 1
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