DISPLACEMENT MONITORING SYSTEM FOR TOWER AND MONITORING METHOD THEREOF 5
BACKGROUND OF THE INVENTION 1. Technical Field The present invention relates to an online
monitoring technology for monitoring states of power transmission equipment, and more patrticularly, to
a displacement monitoring system for a tower and monitoring method thereof. 10 2. Description of
Related Art  Due to effects of natural conditions and geological disasters, kinds of accidents of
towers for high-voltage power transmission lines occur, for example, to incline towers, move towers,
severely, break tDISRIoA CHMENDMOGNITIORING: SYSTENM FQR TTOAVER A MIraordinarily big
accidents of a power grid will occur, 15 which causes great economic loss for a country. Therefore, it is
important and necessary to quidtYNEECRIN (vidEEdHIQRDoREHISRIE(HE or move and give a warning.
At present, kinds of technologies, such as a laser, a far infrared or dual-axis incline angle transducer,
are used to measure an incline angle of the tower, thus an 20 incline state of the tower can be
monitored in real time. However, the above monitoring technologies only can be used for measuring

the inéline%‘ﬁ&&ﬁ%@%r &Hﬁelﬂgwgrlﬂrg%lined, a horizontal or vertical displacement of the
tower occur urin thquake or landslide can't be monitored. Thus the prior monitoring
method o%@#ﬂ@ﬁ?gfme%ure the incline angle, but it can't 25 be used to measure the
oot o vl e TR e el e e
the tower ig,onitoring states of power transmission equipment, and more particularly, to a
displacement monitoring system for a tower and monitoring method thereof.
10 2. Description of Related Art
Due to effects of natural conditions and geological disasters, kinds of accidents
of towers for high-voltage power transmission lines occur, for example, to incline
towers, move towers, severely, break towers or collapse towers. Once those
accidents occur, major and extraordinarily big accidents of a power grid will occur,
15  which causes great economic loss for a country. Therefore, it is important and
necessary to quickly determine whether the towers incline or move and give a
warning.
At present, kinds of technologies, such as a laser, a far infrared or dual-axis
incline angle transducer, are used to measure an incline angle of the tower, thus an
20 incline state of the tower can be monitored in real time. However, the above
monitoring technologies only can be used for measuring the incline angle of the
tower when the tower has inclined, a horizontal or vertical displacement of the
tower occurred during an earthquake or landslide can’t be monitored. Thus the
prior monitoring method only can be used to measure the incline angle, but it can’t
25 be used to measure the horizontal or vertical displacement, therefore the real state

of the tower can’t be monitored by the prior online monitoring method at the

beginning of changes of geological environment in the area in which the tower is



located. TECHNICAL PROBLEM A technical problem to be solved by the present invention is to
overcome that 5 the horizontal or vertical displacement can't be monitored and provide a displacement
monitoring system for a tower, used to monitor the horizontal or vertical displacement of the tower.
BRIEF SUMMARY OF THE INVENTION 10The present invention provides a displacement monitoring
system forjgdgqw@r, wherein the displacement monitoring system includes a tower displacement
monitoring terminal and an underground displacement monitoring terminal electrically connected to the
tower displacement monitoring terminal; the tower displacement monitoring terminal is arranged on the
tower, 15 comprising a main control module, an overground tower displacement sensor, a power
supply modHE€ENILAdnFR OB BMmodule, wherein the overground tower displacement sensor, the
power supply module and the communication module are electrically connected to the main control
module;  theéMsgBraeslipacbilsprate R s editoriHipterasierd is whsisgets 0 ancrooumigigiound
bedrock, including a controlling module and an underground displacement sensor electrically

connetted s tHOEGRGHin@magtical  HanldeRnsurfdBispReMentess oA JHRYifEd fo monitor

t tion of the bedrock withi determined time t; the controlli dule i
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on the motvi%ﬁ%%?%l%ﬁggg n?é ﬁp%fbﬁ?_‘%r%:‘% ealrnd transfer the displacement value to the main control
module; the overgro ower displacement sensor is configured to monitor a motion acceleration of

the tower within the predetermined time t;

BRIEF SUMMARY OF THE INVENTION
10 The present invention provides a displacement monitoring system for a tower,
wherein the displacement monitoring system includes a tower displacement
monitoring terminal and an underground displacement monitoring terminal
electrically connected to the tower displacement monitoring terminal;
the tower displacement monitoring terminal is arranged on the tower,
15  comprising a main control module, an overground tower displacement sensor, a
power supply module and a communication module, wherein the overground tower
displacement sensor, the power supply module and the communication module are
electrically connected to the main control module;
the underground displacement monitoring terminal is arranged on an
20  underground bedrock, including a controlling module and an underground
displacement sensor electrically connected to the controlling module;
the underground displacement sensor is configured to monitor a motion
acceleration of the bedrock within a predetermined time t;
the controlling module is configured to compute a displacement value of the
25 bedrock within the predetermined time t based on the motion acceleration of the
bedrock and transfer the displacement value to the main control module;

the overground tower displacement sensor is configured to monitor a motion



the main control module is configured to compute a displacement value of the tower within the
predetermined time t based on the motion acceleration of the tower and compute a displacement value
of the tower relative to the bedrock based 5 on the displacement value of the bedrock; the power
supply module is configured to power the tower displacement monitoring terminal and the underground

displacemgpédnaatioing weminabrapfhinthie greupisiaatianmmedile is configured to send
displacement values received and computed by the main control module to a remote monitoring

terminal under the oot @ftilod madukoiradmiigaitel tdPreiafahty atdés phergreumnd idweesHikplacement
sensor and the underground tower displacement sensor are a tri-axial acceleration sensor,
respectivetpwerefertily, tine pmdetesuppbdmodale desytisesthe mwinth powelegenenatidriineodule,
configured to generate electricity by wind; 15a solar power generation module, configured to generate
electricity by"Re st camputemdisfircaneat crdrging Hharaysmedetsd@dhe bedypekehthd wind
power generation module, the solar power generation module and the accumulator are respectively

connetted¥® the drRlansereBivaisRnBRORBAGI.  Preferably, the tower displacement monitoring
terminal furth i t le, a displ dule, t module and a clock module,
wherein the st RIDTu S THD SIS Fro e TSt rd NS e SO MBS
lectricall d.to th ' trol module: h ule i fi tore dat
computed B R R R S B e S
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terminal; and  the clock module is configured to provide a unified work clock for the tower

displacemgni reenijIied Brmisahand sypeBioniguheslactenbieerahiorihe widersipunder
displacement monitoring terminal further
10  control of the main control module.

Preferably, the overground tower displacement sensor and the underground
tower displacement sensor are a tri-axial acceleration sensor, respectively.

Preferably, the power supply module comprises:

a wind power generation module, configured to generate electricity by wind;

15 a solar power generation module, configured to generate electricity by the sun;
an accumulator; and

a charging management module;

wherein the wind power generation module, the solar power generation
module and the accumulator are respectively connected to the charging

20 management module.

Preferably, the tower displacement monitoring terminal further comprises a
storage module, a display module, a reset module and a clock module, wherein the
storage module, the display module, the reset module and the clock module are
electrically connected to the main control module;

25 the storage module is configured to store data computed by the main control

module;

the display module is configured to locally display the date;



comprises a memorizer, a reset and clock module, wherein the memorizer, the reset and clock module
are electrically connected to the main control module; the memorizer is configured to store data
computed by the controlling module; the reset and clock module is configured to perform a reset
operation to the 10 underground displacement monitoring terminal, and provide a unified work clock

for the undergrgiingedisplacRMRNG NEBHEIHGCE BN ABEh YRR ZHEIaRIACKe tHRrefrrably, the

main control module is communicated with the controlling module by RS485 bus.  The present
invention fditpéideravittasenivoniigrisgnnethemaf a displacement 15 monitoring system for a tower,
wherein the monitoring method includes: Monitoring and computing a displacement value of the tower;
Monitoring andtberaluifinmadiibpliscemérguvailicogpary uledergnolied vedekerloslpdint;the t@uemputing a
displacement value of the tower relative to the reference point 20 based on the displacement value of
the tower sitPlAecaisplatiidaring i Brted urlisyguntirsidiesdedsoint;  Sending the displacement
value of the tower, the displacement value of the underground reference point and the displacement
value of the toéFiiBRVe tdhhe HRHETETOURY refSRIACETINt tIATEMEIE MiSHIBRARY tEPRISAI;
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respectively along three axes within a predetermined time t, and computing displacement values Dx,

Dy and D, along, the tie6 AxES Wil IREPISIERIRIINE ! b el BSTRIR 8¥n A% RN ndliR;motion

accelerations respectively along X axis, Y axis and Z axis , Dy and D, are displacement values

respectively alqRg reqtisnd @¥ERNAFaNSis coiteraiadh® pevfisrand Yeddisopea dnoncasrgipate axes
perpendicular to each other in a horizontal direction, the Z axis is a coordinate axis across an

intergectionmieifpeodiakigdiapthtben¥naxisoini wriakticatdiiedliandlprraitrabynifiedst@prdf alocitoring and
computing a displacement value of an
for the underground displacement monitoring terminal and synchronize the clock.

Preferably, the main control module is communicated with the controlling
module by RS485 bus.

The present invention further provides a monitoring method of a displacement

15  monitoring system for a tower, wherein the monitoring method includes:

Monitoring and computing a displacement value of the tower;

Monitoring and computing a displacement value of an underground reference
point;

Computing a displacement value of the tower relative to the reference point

20  based on the displacement value of the tower and the displacement value of the
underground reference point;

Sending the displacement value of the tower, the displacement value of the
underground reference point and the displacement value of the tower relative to the
underground reference point to a remote monitoring terminal;

25 Wherein the underground reference point is a position of an underground

displacement sensor arranged on an underground bedrock.

Preferably, the step of monitoring and computing a displacement value of the



underground reference point comprises:  Monitoring motion accelerations lax, by and b of the
underground reference point respectively along the X axis, Y axis and Z axis within the predetermined
time t, and computing displacement values T, Ty and T, of the underground 15 reference point along
the X axis, Y axis and Z axis within the predetermined time t.  Preferably, the step of computing a
displacemenf ¥alusniikestower relative to the reference point based on the displacement value of the
tower and the displacement value of the underground reference point comprises: Computing a
displacement vis{oaiositing taveeioielativel ¢eatienteterencamding +2atoingtheaddoaxistiyexpegssion=;
Computing a displacement value of the tower relative to the reference point along the Y axis by
expressioithmDiyprdéteamanedGontp ttimgdacdisyliatementplaieensitheaowe Delddyeand the
reference point along the Z axis by expression Lz = Dz-L 25Preferably, the step of computing
displacemalfngalthes hieDpeasd W ioh §hthdnedsierny asds Gmg 2. axiBeieitinithepredétarifed time t
comprises: Computing the displacement value of the tower along the X axis by expression_Dx =V t+-1

a t2 x2 x THBIASH AR AR SERROSHFV AIRBEO 4 HE thwEr i g the>@%1ds Did ooty at the
first time, the value of x is zero, and in followjng computation of the displacement value of the tower
along the ﬁrgiﬁsﬁgcggﬂﬁgtoy&l% %_rlegzngt&veiy%lcongBkI axis, S?ams an axis;
wherein the X axis and Y axis are two coordinate axes perpendicular to each
other in a horizontal direction, the Z axis is a coordinate axis across an intersection
of the X axis and the Y axis in a vertical direction.
10 Preferably, the step of monitoring and computing a displacement value of an
underground reference point comprises:
Monitoring motion accelerations by, by, and b, of the underground reference
point respectively along the X axis, Y axis and Z axis within the predetermined
time t, and computing displacement values Ty, Ty and T, of the underground
15 reference point along the X axis, Y axis and Z axis within the predetermined time t.
Preferably, the step of computing a displacement value of the tower relative to
the reference point based on the displacement value of the tower and the
displacement value of the underground reference point comprises:
Computing a displacement value of the tower relative to the reference point
20  along the X axis by expression L;=D, T, ;
Computing a displacement value of the tower relative to the reference point
along the Y axis by expression L,=Db,~1, ; and
Computing a displacement value of the tower relative to the reference point
along the Z axis by expression L=D,-T,

25 Preferably, the step of computing displacement values Dy, Dy and D, along the

X axis, Y axis and Z axis within the predetermined time t comprises:

Computing the displacement value of the tower along the X axis by expression



of the tower at the end of previous computation of the displacement value of the 5 tower along the X
axis and is computed by expression Vx =17 +a:xt ,wherein V Px is an initial value in the previous
computation of the displacement value of the tower along the X axis, a'x is a motion acceleration of the
tower along the X axis obtained from the previous computation of the displacement value of the tower
along the Xpaxig;t110Gothputing the displacement value of the tower along the Y axis by expression D
=V t+-1atY Y 2 Y2 whersihartienvthe ditiel diepherntvaine alith e ftohetoaien g e axiX Wxis
computed at the first time, the value of Y is zero, and in following computation of the displacement

value of thg mepaiangtthe Yisxisine uRluenfooY a spred afifierioveswitke enthafpigyious
computation of the displacement value of the tower V =VPt.. 15 along the Y axis and is computed by
expressmn YY Y ,whereinY is an initial value in the previous computation of the displacement value of

the tower §18he heplacsment e o IR AOREO TR 4G Herigive of ax.%ﬁtaméé from the
previous computation of dIS cement.value of th wer a he Y aX|s uting the
dlsplacemeﬁ':ﬁlvalie of th Ikoweﬁ%ﬁo?gp the'28xis’ EI)P exprtca)gs?onaiegCri 3*91 cen% Va ue Om%

5 tower along the X axis and is computed by expression Vo=Vt ,wherein Vs
1s an initial value in the previous computation of the displacement value of the

tower along the X axis, ®x is a motion acceleration of the tower along the X axis

obtained from the previous computation of the displacement value of the tower
along the X axis;
10 Computing the displacement value of the tower along the Y axis by expression

1
D =V t+—a t’
2, wherein when the displacement value of the tower along the Y axis

is computed at the first time, the value of Y, is zero, and in following computation

of the displacement value of the tower along the Y axis the value of Y is a speed of
the tower at the end of previous computation of the displacement value of the tower

15 along the Y axis and is computed by expression V=V, wat ,wherein vy is an

initial value in the previous computation of the displacement value of the tower

along the Y axis, %y is a motion acceleration of the tower along the Y axis

obtained from the previous computation of the displacement value of the tower
along the Y axis; and
20 Computing the displacement value of the tower along the Z axis by expression

[
D =V t+—a_t
, wherein when the displacement value of the tower along the Z axis

is computed at the first time, the value of Ve is zero, and in following computation

of the displacement value of the tower along the Z axis the value of Veis a speed of
the tower at the end of previous computation of the displacement value of the tower

V.=V +alt v

25 along the Z axis and is computed by expression =~ ,wherein "~ 7 is an



777 , Wwherein when the displacement value of the tower along the Z axis is computed at the
first time, the value of Vx is zero, and in following computation of the displacement value of the tower
along the Z axis the value of Vx is a speed of the tower at the end of previous computation of the
displacement value of the tower 25 along the Z axis and is computed by expression V., =1Px aPxt
whereinz ISTRHAANSARANR 1S PRVIGRIMRRRIEH BraHd hkemsentiig el Jhdddifer along
the Z axis, a'z is a motion acceleration of the tower along the Z axis obtained from the previous
computatiéhontHaelidplasemertt valde BiotenodseEiptheol Bds (oPesfalanly, the steprds

computing %ES lacement values Tx, Ty and T, of the upderground reference point along the X axis, Y
axis and 22BN AL BFe AERHRCEREPRY PSR 2 CBTRBASHRE e ALioRbAn \iie of the
undergrouldngféhee@psint along " the X axis by expression2, wherein when the displacement value
of 10 the under%rﬁcr)fund reference point along the X axis is computed at the first time, the value of U. is

zero, and in folldFAREEOMMRRatER o MBRHRR AR AcaeBt thalishdraldngiiik T dsthie value of
U.i d.of th d d ref int at d i tation. of.th
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e_xpressmrg 23 e‘[‘%ﬁ&‘]‘? é’#)cﬁnte’\("@gﬁ%?igé{s:'s an initial _value in the previous Icqmputatl_on of the _
displacement value of the underground reference point along the X axis, b'. is a motion acceleration of

the undergroun, ing: 1 | | i the
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expression2, wherein when the displacement value of
10  the underground reference point along the X axis is computed at the first time, the

value of Yx is zero, and in following computation of the displacement value of the
tower along the X axis the value of Usis a speed of the underground reference
point at the end of previous computation of the displacement value of the
underground reference point along the X axis and is computed by expression

T.=U' +b't

15 ,wherein U'X is an initial value in the previous computation of the

displacement value of the underground reference point along the X axis, by s a
motion acceleration of the underground reference point along the X axis obtained
from the previous computation of the displacement value of the underground

reference point along the X axis;

20 Computing the displacement value of the underground reference point along

1o
. _ T,=U t+—b t _ .
the Y axis by expression © 2 | wherein when the displacement value of

the underground reference point along the Y axis is computed at the first time, the

value of Y, is zero, and in following computation of the displacement value of the

tower along the Y axis the value of v, is a speed of the underground reference

25 point at the end of previous computation of the displacement value of the
underground reference point along the Y axis and is computed by expression

I,=U y+byt,wherein vl is an initial value in the previous computation of the



the underground reference point along the Y axis is computed at the first time, the U. value of Y is
zero, and in following computation of the displacement value of the U. tower along the Y axis the value
of Y is a speed of the underground reference 25 point at the end of previous computation of the
displacement value of the underground reference point along the Y axis and is computed by

expression TY=U ' +b'Yt ein Y is an initial value in the previous, computatioh'of the b'i
CieplacombRURSGE SP i 5l B AETEIEHEE SolFh B HE. Vs & Aton dedbibration o
the undergipynchsfe@BRRiBRIVF AN SaEr raﬁﬁdolz&?éfeﬁcér%medwe 'S oAU eLhe
displacement val e of the underground refer p long the Y d 5C ut|n

displacem 8 &Y&Vé%ﬁdéPgP&&%“r%‘fe%ﬂéﬁ 51 Z?Sﬁ a?ﬁ ﬁ%ez Ogﬂffessmnz 2
z, whereirfﬁ%ﬂi@tﬁfth@dmp@l@@gnélm VYaiviesofitise underground reference point along the Z axis is
compuyted at the frsptimey W&@;ﬂﬁé&ﬁ}éﬁtzﬁiﬁl@ﬁﬂ {Rcfalleeng eanaprEaienef ﬁaﬁlﬁ'mfgement
value of the tower along the Z axis the value ?f Uz is a speed of the underground reference 10 point at
the end of previous computation of tﬁédépiaf_bment value of the underground reference p0|nt along
the Z axis H§d4sedmplitedmsgssiPiession Tx=11 PVReIP WiirdibeIpplrcammitiaialasuelin the

previous ctheputdticureiiderdfsptace penitvaloeoilibeAdindaydsocmae patedeaceheotintsalang:the Z axis,
bzis a

value of Us is zero, and in following computation of the displacement value of the

tower along the Z axis the value of Usis a speed of the underground reference

10 point at the end of previous computation of the displacement value of the
underground reference point along the 7Z axis and is computed by expression

L=U",+b.t ,wherein U'. is an initial value in the previous computation of the

displacement value of the underground reference point along the Z axis, b is a

motion acceleration of the underground reference point along the Z axis obtained
15 from the previous computation of the displacement value of the underground
reference point along the Z axis.

Preferably, the method further comprises:

Computing an actual displacement value S of the tower relative to the

o . o S= L +L]
reference point in the horizontal direction by expression based on

20  the displacement value of the tower relative to the reference point along the X axis

L=D. =T and the displacement value of the tower relative to the reference point

along the Y axis L, =D, -1, , and computing a deviation angle of the tower relative

L,
6 = arcsin(

—‘)
: : JLA+L]
to the X axis by expression .

The present invention has the following benefits: according the technical
25 solution of the present invention, displacement sensors are used to monitor the

displacement values of the tower and the bedrock respectively, then the



motion acceleration of the underground reference point along the Z axis obtained 15 from the previous
computation of the displacement value of the underground reference point along the Z axis.
Preferably, the method further comprises: Computing an actual displacement value S of the tower
relative to the reference point in the horizontal direction by expression ='111x2 +IC based on 20 the

displacemapipiadeenehthealawesr ralativevia theieieren¢RaOBEHBIANG ety asdx apdibe

displacement value of the tower relative to the reference point along the Y axis LY =D -Ty, and
computingdaspéadation angiéuet theftowver telative dndheh¥ abisihyckxptiessioechrdtedingoitixa +1,3,2
The present invention has the following benefits: according the technical 25solution of the present
invention, displanagetitsensoid atressed tmimaniorttrengishtaverheatangleesighthtotwerenadd the
bedrock respectively, then the displacement value of the tower relative to the bedrock is computed
based on theddiBpraceonprobgReEOMABIOHBE seduihennddrss Kheidisebrmsmmnotialien of dieomes the
one-sidedness of only monitoring the incline angle of the tower, and is a more comprehensive

monitdring' SBIEHiGAN TP A EAMNEIN G108 dttfie B todrdP Ean B ActhErdRPHoARBrEE on line,
national gt BHIER UCERION BPHE LN ERAL GHENE SETHL DRAINGLE g 1152
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Fig. 1 is a structure diagram of a first embodiment of a displacement
monitoring system for a tower according to the present invention;
10 Fig. 2 1s a structure diagram of a second embodiment of a displacement
monitoring system for a tower according to the present invention;
Fig. 3 is a structure diagram of a third embodiment of a displacement
monitoring system for a tower according to the present invention;
Fig. 4 1s a schematic view of a position relation between a tower and an
15 underground reference point of a displacement monitoring system for a tower
according to an embodiment of the present invention; and
Fig. 5 is a schematic view of a displacement relation of a displacement
monitoring system for a tower in an horizontal coordinate axis according to the
present invention.
20 DETAILED DESCRIPTION OF THE INVENTION
In order to make clearer the objects, technical solutions and advantages of the
invention, the present invention will be explained below in detail with reference to
the accompanying drawings and embodiments. It is to be understood that the
following description of the embodiments is merely to explain the present invention
25 and is no way intended to limit the invention.
Referring to Fig. 1, 2 and 3, a displacement monitoring system for a tower in

the present invention includes a tower displacement monitoring terminal 100 and



monitoring system for a tower according to the present invention;  Fig. 3 is a structure diagram of a
third embodiment of a displacement monitoring system for a tower according to the present invention;
Fig. 4 is a schematic view of a position relation between a tower and an 15 underground reference
point of a displacement monitoring system for a tower according to an embodiment of the present
invention; aRdundEig:Suie sRhpmatis-Hiewmeh adispiacemani reletion aisplarsprerimanitoring
system for a tower in an horizontal coordinate axis according to the present invention. 20 DETAILED
DESCRIPhoWt6H g HriivENTION elebirivaliéy tcomaka sl qardidhmabigatsnié clisitat Solkiions and
advantages of the invention, the present invention will be explained below in detail with reference to
the accompamyinguigawmgsiaad eMbodintknts itz deasndenshooehtiat thbdollothing @eseription of
the embodiments is merely to explain the present invention 25 and is no way intended to limit the
invention. dispkfegHIea tonmgitpringnganiaispidmennmpwiesting spsttator atepleeamens present
invention includes a tower displacement monitori{g&oterminal 100 and an underground dis{i)l_acement

monitdring HAiRAIBETONE I ADS: e pradsrsertroRittlRs tRFRTimaP IO 8| LRUAM, £8RHEcted to

th d d displ nt itoring terminal 200 and icat it h other, the t
displacermbHE AT IRG SR HE SCSHBLIN BRI SIS e of the tower,

and the undereggie dleniecenaiy Mmepang eiming! 490 i confiourer i mapion ispipperent

value of an underground bédroc urthermaore, combining wi e tower displa

monitoring derming! ARP;iS AaNaeA N dIe (W' 1 and €an Be placed 8 any ReSIt rthg.tower, for

example, the tower displacement monitoring terminal 100 can be 10 arranged on point A of the tower 1
shown in kigwér, ITerdex imppducadmesieringi irasshé e dmaosisplacempil caoeeddy idluences of
wind on the tower, the tower displacement monitoring terminal 100 should be arranged on a middle
and lpyver pesitigai afithsoiawear df ahdavagpdssibienthe Kiges diapledementadarbtating terimenal 100
includes a main control module 101, an overground tower 15 displacement sensor 102, a power
supply moduierd 10 éinel toeemdispleatioem aruleed A3y wifdneirctiseodvengd wnd tteveErvdispihcement
sensor 102 and the power supply module 110 and the communication module 103 are electrically
connectedt@Mtledismlacongal medifierre (easpeeiloN shruldner isnsadiaplacevsshe mahitoring
terminal 200 is arrar_l?ed on an 20 underground bedraock 2 and includes a controlling module 201 and

an underglotis BRI Rlethestaser 265 L @FiRaNy BbhHBE M HL RRINEBIRR, MORIRIDE1. In order

to reduce the length connecting wire between the tower.dis ement
termlngl P(S(? includes ga main Controhl mogule ‘Iﬁf an overground tower

15  displacement sensor 102, a power supply module 110 and a communication module
103, wherein the overground tower displacement sensor 102 and the power supply
module 110 and the communication module 103 are electrically connected to the
main control module 101, respectively.

The underground displacement monitoring terminal 200 is arranged on an

20  underground bedrock 2 and includes a controlling module 201 and an underground
displacement sensor 202 electrically connected to the controlling module 201. In
order to reduce the length of a connecting wire between the tower displacement
monitoring terminal 100 and the underground displacement monitoring terminal
200 as much as possible, the underground displacement monitoring terminal 200

25 can be arranged on a bedrock around the tower, for example, the underground
displacement monitoring terminal 200 can be placed on point B of the underground

bedrock 2 shown in Fig. 4, point B can be used as an underground reference point,

10



monitoring terminal 100 and the underground displacement monitoring terminal 200 as much as
possible, the underground displacement monitoring terminal 200 25 can be arranged on a bedrock
around the tower, for example, the underground displacement monitoring terminal 200 can be placed
on point B of the underground bedrock 2 shown in Fig. 4, point B can be used as an underground

reference gaintidthat is, ihis fRipestion WhwRichdhendederanadndishintaereneiesRBs7R0%sis placed.
The underground displacement sensor 202 is configured to monitor a motion acceleration of the
bedrock withioed predetermined time t. 5The controlling module 201 is configured to compute a
displacement value of the bedrock within the predetermined time t based on the motion acceleration of
the bedrock 2 drte trankfegrthmdisiipteremenvaiersto (he2meaincdigrobhoduteonddr a Fweionerground
tower displacement sensor 102 is configured to monitor a motion acceleration of the tower 1 within the
predetermfssdlemtenighe hesirpelsrohinsdeiedeter misedfiuced to compute a displacement value
of the tower 1 within the predetermined time t based on the motion acceleration of the tower 1 and

compdte a displRertBHialiRe Betideotr b raafigitedrie pepmke 2 thglacsmert didhiament

| f the bedrock 2. . .Th [ dule 110 [ d h
Hrspiacem it BEs s PR G (b T B e 8 AR EO AP BARAR Cihinal 200,
Th icati le 103 | Afi i | i d db
el tirch ehiiqurbichiautid st oSl g T b ostid

of the main confipl OdUR, 1A 168 &' RIARBEHG OVEFIRUNGIV L AIRRIAGRIME h35HeF 102 and

the underground tower displacement sensor 202 are a tri-axial acceleration sensor respectively,

namely, thggNBfoieEERaST SiRReemant sanser thedraReHaRA tamonitor motion accelerations
of the tower along three axes, the three axes are X coordinate axis, Y coordinate axis and Z

coordinate axisI'Heenfatoerstinaieraxsidudnd @b ¥ coafiknatd axisaigpive cabisginate@xes/pripendicular
to each other in a horizontal direction, for example, if the X coordinate axis is an axis along east-west
direction, thie tieatdsvizr dnventtaaldwegpneditiesoutieditetionb dhedZoaxibdsmaotmor dicatErtiomerbss an
intersection of the X axis and the Y axis in a vertical direction, the Z axis are perpendicular to the X

axis and tiBevteiy rbspdceRapuSim lasRlageangnt spdrsuridtis\ievarspiedaientosBisbedmgican be

configured to monitor motion accelerations of the bedrock 2 along the X coordinate axis, Y
based on the displacement value of the bedrock 2.

The power supply module 110 is configured to power the tower displacement
15  monitoring terminal 100 and the underground displacement monitoring terminal
200.

The communication module 103 is configured to send displacement values
received and computed by the main control module 101 to a remote monitoring
terminal (not shown in figures) under the control of the main control module 101.

20 Preferably, the overground tower displacement sensor 102 and the
underground tower displacement sensor 202 are a tri-axial acceleration sensor
respectively, namely, the overground tower displacement sensor 102 can be used to
monitor motion accelerations of the tower along three axes, the three axes are X
coordinate axis, Y coordinate axis and Z coordinate axis, the X coordinate axis and

25 Y coordinate axis are two coordinate axes perpendicular to each other in a
horizontal direction, for example, if the X coordinate axis is an axis along east-west

direction, the Y axis is an axis along north-south direction, the Z axis is a
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5 coordinate axis and Z coordinate axis. The controlling module 201 can respectively compute
displacement values Tx, Ty and T, of the bedrock along the X axis, Y axis and Z axis based on motion
accelerations bx, by and b along the X axis, Y axis and Z axis monitored by the underground tower
displacement sensor 202 and send the computed displacement 10 values of the bedrock 2 to the main

control moghtediRdicPigieradlysshanmaibrsariial opdrle L03xis camrmwivaied with shecsapiolling
module 201 by R5485 bus. Both the main control module 101 and the controlling module 201 can be a

single chipdinictdeemhuter sytere poepomlivetninttol thodyledidlaganthesieative lespeoputdy.
displacement values 15 Dx, Dy and D, of the tower 1 along the X axis, Y axis and Z axis based on
motion accelmnddibns the, apdmgraprekpestived: gibegivam X sxisory 204s Gand B2 axis impnitdréd by the
overground tower displacement sensor 102.  Furthermore, the main control module 101 also can
respectivelj@oiigsurecdieplasselentiensesiothrebedieck loHgnBetheaxis cvoadiadindaxisxiy relative to
20 the underground reference point based on_displacement values Dx, Dy and D, of the tower 1 along
the X axis CQUJ QY[R FIHR FoEngiEREIfent values Tx, Ty and T, of the bedrock 2 along the X

is, Y axi is, and obtai | displ lue of the.t lative to th
Cnciorground retEar AR PO EAB AR A A e S AMRERLE SIBOAA A ST Bl rbention, the

25 displ itori inal her inglude . le 107, a displ
oo 105 4 TeLt bl TOR S ek oLl 0.4 (e araes At Hov Ol BESES mocute

106, the regelippduiasd 85 And.ihe slogh modilexd 04 arevelagically zapnecisshivoiag maitheontrol

module 101 respectively, the'storagé modtle 107 is configured to store data computed by the main

control mogierbduidedaier e fisRIagaeNDYlupd GEHIE devesnsisRrampRicealéas of the

bedrock and so on, the display module 106 is configured to locally 5 display the date, for example, to
localiypdisplaleksplackendptiveditel abthidomieinl cotative tadihel bethdckPzs fihabgethaoiaia 105 is
configured to perform a reset operation to the tower displacement monitoring terminal, and the clock
module 10¢oistsdnfiguheld tb0drovideramnifiedtedbnkitho dhefaotitecidimgr nlisgidee?nd nb yBiitsiing
terminal and synchronize the clock. 10Furthermore, preferably, the power suppléomodule 110 includes

a wind powts gBethativndautential deefigleetDb yehdhsis endateny, wedueld0povadr b deration

module 113 configured o generate electricity, an accumulator 112 and a charging management
module 11@?$%C%&@W%%W%§Wcan be a wind driven generator for converting wind energy

lectrical ,.and th lar 15 ' dyle 113 b I Is f '
solar anergy to JIEHHUD) SHNG). KU Bk SERRTAIH i EALIECES AT RCH AR BVt Goneration

dyle 11, h 1 INely. ¢ d ' dul
11 The cRer e e e TECE, St Ther 2 e Susr oy e S S e i

e ectrical energy converted by the wind
power gen&r@éi(gpaﬁg%ﬂgx}% athe SA@ectively along the X axis, Y axis and Z axis
monitored by the overground tower displacement sensor 102.
Furthermore, the main control module 101 also can respectively compute
displacement values of the tower 1 along the X axis, Y axis and Z axis relative to
20  the underground reference point based on displacement values D,, Dy and D, of the
tower 1 along the X axis, Y axis and Z axis and the displacement values Ty, T, and
T, of the bedrock 2 along the X axis, Y axis and Z axis, and obtain an actual
displacement value of the tower relative to the underground reference point.
As shown in Fig. 3, as another embodiment of the present invention, the tower
25 displacement monitoring terminal 100 further includes a storage module 107, a

display module 106, a reset module 105 and a clock module 104, the storage

module 107, the display module 106, the reset module 105 and the clock module
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power generation module 113 to the accumulator 112, the solar power generation module 113 and the
accumulator 112 are connected to the charging management module 111 respectively. The charging
management module 111 also can supply the electrical energy converted by the wind power
generation module 114 and the 25 solar power generation module 113 to the tower displacement

monitoringjigAnirallQQreadiine snserewun dRisphace o AtFIORIIING teoMiRalRevALthensame time,

the charging management module 111 also can control the accumulator 112 to power the tower
displacememniragenitesihg deidinas 1&héinuibd undeogeodach dispianasie mymbeitaniaig teomirl 200.
Preferably, the underground displacement monitoring terminal 200 further includes a memorizer 203, a
reset and chockilmotidle 204, datameohodicerdi§d @S ihevedses avd itlectowmed uliespOxtameesiectrically
connected to the controlling module 201, the memorizer 203 is configured to store data computed by
the controliplgescrfutbethediasdt and s nmibaulespbyisnashiguted 16 perdeauraddeeaspliation to

the underground displacement monitoring terminal, and provide a unified work clock for the

undergroufis kYA iAbRTARIIGeiminst hn dlspien dnplacrrmariclsres of khegid¥ehdinvention
furth i itorj thod d for th - ti di t itori t

for the ou TR e S RSt H0B G5t MM B SO e GBS ROB ah (e o1 the
t 115 itori fi displ ] f d iRt
g Do A A A R E MRS R A S A SERIRRGER DG o e

diSP'acem?smé’&WFf:%Qfet@et@“ﬁfo%ﬂ%th& dRRREEIRIV Al RT 137 UndergoupddRAtRRASRPING

20sending the disptacement value of the tower, the displacement value of the underground reference
point and the sligiacerieninaligdol fheHrmesd eirtivie e the underground reference point to a remote

monitoring terminal;

10 Furthermore, preferably, the power supply module 110 includes a wind power
generation module 114 configured to generate electricity, or a solar power
generation module 113 configured to generate electricity, an accumulator 112 and a
charging management module 111. The power supply module 110 can be a wind
driven generator for converting wind energy to electrical energy, and the solar

15 power generation module 113 can be solar panels for converting solar energy to
electrical energy.

The wind power generation module 114, the solar power generation module
113 and the accumulator 112 are respectively connected to the charging
management module 111. The charging management module 111 can store the

20 electrical energy converted by the wind power generation module 114 and the solar
power generation module 113 to the accumulator 112, the solar power generation
module 113 and the accumulator 112 are connected to the charging management
module 111 respectively. The charging management module 111 also can supply
the electrical energy converted by the wind power generation module 114 and the

25  solar power generation module 113 to the tower displacement monitoring terminal

100 and the underground displacement monitoring terminal 200. At the same time,

the charging management module 111 also can control the accumulator 112 to
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wherein the underground reference point is a position of an underground displacement sensor
arranged on an underground bedrock. 25Preferably, the step of monitoring and computing a
displacement value of the tower includes: monitoring motion accelerations ax, ay and a, respectively
along three axes within a predetermined time t, and computing displacement values Dx, Dy and D, of

the tower glopgthgéhreavaxedivilatethenpredsieioningd dmeihalvNEIeINAY. Aeansderdiewngtion
accelerations respectively along X axis, Y axis and Z axis, Dx, Dy and are displacement values

respectivetlisptng Xeaxismonh asisrangdraxid; 260vherein the X axis and Y axis are two coordinate axes
perpendicular to each other in a horizontal direction, the Z axis is a coordinate axis across an
intersection of Pref¥rakiy,athktheneagioimad vesptatatiteotionontiomngtiderauoale 20dnsitheay and a,
respectively along the X axis, Y axis and Z axis are measured by the overground tower displacement
sensor 102n4loHesthenrRBteriges Sep of teseipalic 5 Wisk aeedvdn2(dudeDremeiier D208 thBdower

along the X axis, Y axis and Z axis within the predetermined time t includes: Computiqg the

displatem&it itdmlodwardida it aeslechyeibresspectsd a/the coprolingeraidwien the
displ f the t g the > iS,i ted at the first time, I fV, i ,
o o e e e 2 R LR S e S R flinge o of
i f.t th i i f the displ | f the t

o e J e B L B B o e

previous compdtaiaR, of Jig AIERBLRASEHY Am RE I IRYRT ARNAHAHHO BHE. & uif AedGk

acceleration of the tower along the X axis 20 obtained from the previous computation of the

displacemgicraliee Phdhen@vyerslanadinplXcaxient dhaxasnile. ivhamhedisRMcaTeRiz¢alHe of the

tower along the X axis is computed at the first time, the value of V, is zero, after the displacement
valug @f theléower along the X axis is computed at the first time, namely, after the time t the speed of
the tower changes to a*t, wherein a is an acceleration measured
The present invention further provides a monitoring method used for the
above-mentioned displacement monitoring system for the tower, the monitoring
method includes:
monitoring and computing a displacement value of the tower;

15 monitoring and computing a displacement value of an underground reference

point;

computing a displacement value of the tower relative to the underground
reference point based on the displacement value of the tower and the displacement
value of the underground reference point;

20 sending the displacement value of the tower, the displacement value of the
underground reference point and the displacement value of the tower relative to the
underground reference point to a remote monitoring terminal;

wherein the underground reference point is a position of an underground
displacement sensor arranged on an underground bedrock.

25 Preferably, the step of monitoring and computing a displacement value of the

tower includes:

monitoring motion accelerations a,, a, and a, respectively along three axes

14



25 during the computation of the displacement value of the tower along the X axis at the first time,
therefore, when the displacement value of the tower along the X axis V is computed at the second
time, the value of , is a*t, after this computation, the speed of the tower changes to at+a't, a' is an
acceleration measured during the computation of the displacement value of the tower along the X axis

at the secqpgimg p%’c@'i?@l‘ﬂﬁﬁe&’ﬂ%bth%ﬂtﬁ@lﬁﬁﬁmﬁ@ H«i’dﬁﬁh@éﬁﬁlﬁﬁ%ﬁie@wg EheaﬁdiKJS&
computed at every time, the value of 17, can be obtained. 5Computing the dlsplacement value of the

tower alonghth®weaxifohy exprassiomBsMthirl thd pradetstmivieer eimevh entibreidisplacement, value of
the tower along the Y axis V is computed at the first time, the value of Y is zero, and in following
computatiemeofrtheaisptackmgninsataspet thetpvabrredoXgathie, YYaxigsshad duaxas, \DY, iPa spéed of the
tower at the end of previous computation of the displacement value of the tower V =V' +a' t.V'. 10
along the Vagi¢ diftplacconsplitet uss exppestioH yyrmongvhareim Y igxn atidal wXise in the previous

computatlon of the displacement value of the tower
wherein the X axis and Y axis are two coordinate axes perpendicular to each

other in a horizontal direction, the Z axis is a coordinate axis across an intersection
of the X axis and the Y axis in a vertical direction. The motion accelerations ay, a,
and a, respectively along the X axis, Y axis and Z axis are measured by the
overground tower displacement sensor 102.

10 Furthermore, the step of computing displacement values Dy, Dy and D, of the
tower along the X axis, Y axis and Z axis within the predetermined time t includes:
Computn}g the displacement value of the tower along the X axis by expression
D =V t+—a_ t*

2 , wherein when the displacement value of the tower along the X axis
1s computed at the first time, the value of Vi s zero, and in following computation

15  of the displacement value of the tower along the X axis the value of Viis a speed
of the tower at the end of previous computation of the displacement value of the
tower along the X axis and is computed by expression V=V Halt ,wherein Vs
is an initial value in the previous computation of the displacement value of the
tower along the X axis, 2 s a motion acceleration of the tower along the X axis

20  obtained from the previous computation of the displacement value of the tower
along the X axis. For example, when the displacement value of the tower along the
X axis is computed at the first time, the value of Vi s zero, after the displacement
value of the tower along the X axis is computed at the first time, namely, after the
time t the speed of the tower changes to a*t, wherein a is an acceleration measured

25  during the computation of the displacement value of the tower along the X axis at

the first time, therefore, when the displacement value of the tower along the X axis

is computed at the second time, the value of Ve is a*t, after this computation, the

15



along the Y axis, ay is a motion acceleration of the tower along the Y axis obtained from the previous
computation of the displacement value of the tower along the Y axis. 15Confuting the displacement
value of the tower along the Z axis by expression D =V t+-a t2 zz2 z , Wwherein when the
displacement value of the tower along the Z axis is computed at the first time, the value of Vz is zero,

and in follQying eampstetiee Ot Hag sisplacament valus ahthedowritRianadhsufeaxifutigovaide of Vz is
a speed of the tower at the end of previous computation of the displacement value of the tower V =V’

+a't wheregompQtatang dfiehé axspacdrisaomputedfoghexprassidomrz thewKerematsths seit@@alue in
the previous computation of the displacement value of the tower along the Z axis, a:z is a motion
acceleratiomuf, the tanvdogyonghite thaxdsspbteémeehfroml tkeqbréwiotswcomapomatitre oKt digplacement
value of the tower along the Z axis. 25Preferabl3(, the step of monitoring and computing a
displacementpaites ot gy undémgotsdvidis ohce point &snabiis@sdMonitoring motion accelerations bx,

by ang bz. of ﬂ"@dfﬁﬁﬁfﬁfglﬂh‘é‘ deisransadRinhreseecHyabvaeRtbiie tieaXixYs dXieRpbLiAS Within
the predetermined time t, and computing displacement values T" Ty and T, of the underground

reference gRjirtalorgitihe X axis, Y axis and Z axis within the predetermined time t. The motion
accelerations bx, by and bdtararundieiytbarsirsemeatotii s ob thr tavely Hmy e X &8s, Y axis

and Z axis can be measured by the underground displacement sensor 202.  Furthermore, according
to the principtemptiiecontpeatttidriioiechehdisplacerhent vialuerof thel towfel] owe sgepofmdatputing
displacement values Tx, Ty and T, of the underground reference point along the X axis, Y axis and Z

axis within tﬂ 10, predetermined time_t comprises; Computing the displacememt value of the
undergr oufl ﬁ}_ﬁ (gfé el‘caec%%ﬁ%{;@%e.pg ﬁﬁ?E(fwer annngPe ]Yngms the vafue of 1 1s speeH1 of
the tower at the end of previous computation of the displacement value of the tower

V =V Tt

10 along the Y axis and is computed by expression > ,wherein vy is an

initial value in the previous computation of the displacement value of the tower

along the Y axis, %y is a motion acceleration of the tower along the Y axis

obtained from the previous computation of the displacement value of the tower
along the Y axis.

15 Computing the displacement value of the tower along the Z axis by expression
D=V t+—a t’

, wherein when the displacement value of the tower along the Z axis

1s computed at the first time, the value of Veis zero, and in following computation

VZ

of the displacement value of the tower along the Z axis the value of ":is a speed of

the tower at the end of previous computation of the displacement value of the tower

20 along the Z axis and is computed by expression V.=V Hat

,wherein Ve, 1S an
initial value in the previous computation of the displacement value of the tower
along the Z axis, %, is a motion acceleration of the tower along the Z axis
obtained from the previous computation of the displacement value of the tower
along the Z axis.

25 Preferably, the step of monitoring and computing a displacement value of an

underground reference point comprises:

Monitoring motion accelerations by, by, and b, of the underground reference
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b t2 the X axis by expression2, wherein when the displacement value of the underground reference
point along the X axis is computed at the first time, the value of U, is zero, and in following
computation of the displacement value of the 15 tower along the X axis the value of Il, is a speed of
the underground reference point at the end of previous computation of the displacement value of the

undergroupgifefesspeaireift along the Xaxigsand iseomputzdRysexpiessigr redeleEhinyhereinP, is
an initial value in the previous computation of the displacement value of the underground reference
point alongithe X axig, koxipuria@ rddfpdncancaleratinresf The Indendraundfredesenndapgiouatdng the X
axis obtained from the previous computation of the displacement value of the underground reference
point alongeferedaximiGoatpuginbetie aisplacemenndafiiexos tnehindbgpredeteafarentameint along T
=U t+-1 b t2 YYY the Y axis by expression2, wherein when the displacement value of 25 the
undergrouhdi¢efariite pertleraHghedy. akis ikhcbrhpudd heth piidheciarercst Doy zero,
and in_following computation of the displacement value of the point at the end of previous computation

of the displaRFRENERAIFLOBE RGNt fbund rééieiidndineXisngihebe ansasHEEL &mPifed by

expression .
P underground displacement sensor 202.

Furthermore, according to the principle of the computation of the displacement
value of the tower, the step of computing displacement values Ty, Ty and T, of the
underground reference point along the X axis, Y axis and Z axis within the

10  predetermined time t comprises:
Computing the displacement value of the underground reference point along
Tx:Uxt+lbxt2
the X axis by expression 2 , wherein when the displacement value of
the underground reference point along the X axis is computed at the first time, the

value of U is zero, and in following computation of the displacement value of the

15 tower along the X axis the value of Udis a speed of the underground reference

point at the end of previous computation of the displacement value of the
underground reference point along the X axis and is computed by expression

T.=U'_ +b't U

,wherein = x is an initial value in the previous computation of the

displacement value of the underground reference point along the X axis, by is a
20  motion acceleration of the underground reference point along the X axis obtained
from the previous computation of the displacement value of the underground

reference point along the X axis;
Computing the displacement value of the underground reference point along

1
T,=U t+—b t*

the Y axis by expression "2 | wherein when the displacement value of
25 the underground reference point along the Y axis is computed at the first time, the

value of v, is zero, and in following computation of the displacement value of the

tower along the Y axis the value of Y, is a speed of the underground reference
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U'TiY =U"Y +b"Yt,whereinY s an initial value in the previous computation of the b'i displacement
value of the underground reference point along the Y axis, Y s a 5 motion acceleration of the
underground reference point along the Y axis obtained from the previous computation of the

displacement value of the underground reference point along the Y axis; and Computing the
displacemBAttaltie erthé%dgrg%%ﬂ&‘ﬂéfé}%%%‘g&ﬂ?afbﬁwghﬁzélbsﬂl@jfﬁf%lﬂ% 2/alie ug% effiessionz 2

z , whereinindwgrihendispifre mentpeaitieabdig the uXidexgsoand neferemeaiedind plerngitmsidaxis is
computed at the first time, a value of U i z s zero, and in following computation of the displacement

value of théiler Rohging &b thesvaluenhiizisasnretofjhe indetwRpathRiarenca@oint at
the end of previous computation of the displacement value of the underground reference point along
the Z axis and is computed by expression T=U 'z. U' i 15z zt ,whereinz s an initial valyg in the previous

computatishselapemend;placeth dhevande s R d HeES EFBCH POEIE RIABE BfMamiy the'zisds, z s a

5 motion acceleration of the underground reference point along the Y axis obtained
from the previous computation of the displacement value of the underground
reference point along the Y axis; and

Computing the displacement value of the underground reference point along
T =U ,t+lb7t2
the Z axis by expression =~ 2 |, wherein when the displacement value of
10  the underground reference point along the Z axis is computed at the first time, a

value of Us is zero, and in following computation of the displacement value of the

tower along the Z axis the value of Usis a speed of the underground reference

point at the end of previous computation of the displacement value of the
underground reference point along the Z axis and is computed by expression

s L=U+bit U

,wherein = # is an initial value in the previous computation of the

displacement value of the underground reference point along the Z axis, b is a

motion acceleration of the underground reference point along the Z axis obtained
from the previous computation of the displacement value of the underground
reference point along the Z axis.

20 Finally, the step of computing a displacement value of the tower relative to the
reference point based on the displacement value of the tower and the displacement
value of the underground reference point comprises:

computing a displacement value of the tower relative to the reference point
along the X axis by expression L;=D, T, ;

25 computing a displacement value of the tower relative to the reference point
along the Y axis by expression L,=Db,~1, ; and

computing a displacement value of the tower relative to the reference point

along the Z axis by expression L=D,-T,
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motion acceleration of the underground reference point along the Z axis obtained from the previous
computation of the displacement value of the underground reference point along the Z axis. 20Finally,
the step of computing a displacement value of the tower relative to the reference point based on the
displacement value of the tower and the displacement value of the underground reference point

comprises:  covmRutKigadifplakerBe Bial e Sloitie PWighdrRIAfivecier tigerefeianr o/ RPiatoNg the X
axis by expression k =13, -11'; 25computing a displacement value of the tower relative to the reference

point alonglieiY avisdvyckxpriébaiond,\tirefYorel Yt jaddsirecom pbting ahdishiptareaintalurief the
tower relative to the reference point along the Z axis by expression Lz=Dz-Tz When an earthquake
or other gedlshicad disastdasi oedor thiecugdengdowildnrolactivat imiatddrduk ablb veenenthenetbre, it is
desired to obtain the displacement value of the tower relative to the underground reference point. In
the aboveiffditistlesplaéianicarsordiios tatdriiyacbbfResecitgalessc ghststaraibabeers and
the 5 law of motion of objects, a monitoring period and the predetermined time t should be kept at

millisetondd¥ef, BRICA-RENRISH R FINGEOHAS PeiiRdenilHEs PaleiTminGHitamsd phatdsbn and the

f f I logical disasters., By using the above- tioned itori thod,

ciapiacon BRI B DRSS h B I FrSNAES BOTAEAIOHD P ot L ASed S can be
10 intuitivel tained. the. mai I le will the displ t val f the t I

e X axie, D L B R e ot song the X

axis, Y axis, Z gys ahthgedisplacematiorly e ol DA 18 WRE ARIAt VS| JBEREIRMGARR PBINfRAIONG the X

axis, Y axis, Z axis to a remote monitoring terminal by the communication module 103, or display

those 15 infierationiyethe diselayreredede Joiadnaysedhy ke dewendisRiacemarimemtasing
terminal. Referring to Fig. 5, it is assumed that the positive direction of the X axis is east and the

positive diiactivivelithdMiaxs ihaarthinacoactubndigsiikcerientvdlue: Slsplaedewer valatyeoto the
reference point in the horizontal direction based on the 20 displacement value of the tower relative to
the refererbe pointalahenthethe aXs and,thé displacénaens,vahee distlecomentretalivestothéheference
point along the Y axis. _ _ _ _ .

underground reference point along the X axis, Y axis, Z axis and the displacement

values of the tower relative to the reference point along the X axis, Y axis, Z axis to

a remote monitoring terminal by the communication module 103, or display those

15 information by the display module 106 included by the tower displacement

monitoring terminal.

Referring to Fig. 5, it is assumed that the positive direction of the X axis is

east and the positive direction of the Y axis is north, an actual displacement value S

of the tower relative to the reference point in the horizontal direction based on the

20  displacement value of the tower relative to the reference point along the X axis and
the displacement value of the tower relative to the reference point along the Y axis.

For example, if the displacement value of the tower relative to the reference point

along the X axis is L and the displacement value of the tower relative to the
reference point along the Y axis is L, , the actual displacement value S of the tower

. . . . S= L+ L}
25 relative to the reference point can be obtained by expression * ¥ ,and a

deviation angle of the tower relative to the X axis can be obtained by expression

19



For example, if the displacement value of the tower relative to the reference point along the X axis is
1", and the displacement value of the tower relative to the reference point along the Y axis is Ly , the
actual displacement value S of the tower 5= NIL! L 2 25 relative to the reference point can be obtained
by expression, and a deviation angle of the tower relative to the X axis can be obtained by expression
Ly) = arcsin(_, VL ﬁ +L2)Y , that is, the tower deviates by the angle 9 from east to north relative to the
undergrourdr pgrnl.z) The present invention has been further detailed in the above
descriptions with reférence to thalpreferthd emeodiaventss hguwlevangdteshall frotrbeasonstioedh that 5
implementations of the present invention are only limited to these descriptions. Many simple
deductionsdatiegléeéheamdengip furdnef ¢remaageiny. those of ordinary skill in the art without departing
from the conception of the present invention, and all of the deductions or replacements shall be
considered to BEhegwereamiitivientiienphatebtion faoher afctad piasetitd rbevitode d@i fEloA MG th. A
displacement monitoring system for a tower, wherein the displacement

reference to the preferred embodiments; however, it shall not be construed that

5 1implementations of the present invention are only limited to these descriptions.
Many simple deductions or replacements may further be made by those of ordinary
skill in the art without departing from the conception of the present invention, and
all of the deductions or replacements shall be considered to be covered within the
protection scope of the present invention.

10
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monitoring system comprises a tower displacement monitoring terminal and an underground
displacement monitoring terminal electrically connected to the tower 5 displacement monitoring
terminal; the tower displacement monitoring terminal arranged on the tower, comprises a main control
module, an overground tower displacement sensor, a power supply module and a communication
module, wiograigN{ige overground tower displacement sensor, the power supply module and the
communication module are electrically 10 connected to the main control module; the underground
displacemént mnatikptingierminabaitarniged oy @mufdergravnathedrheksinonpriskspiaceontenlling
module and an underground displacement sensor electrically connected to the controlling module;

the undergreumtbdisplagsteeniceensosds cotdigereditpmamitonta mativor i aceeienatiomdf ahe bedrock
within a predetermined time t; the controlling module is configured to compute a displacement value of
the bedrodkefgrotedpieidesaiinetd me topaxe teonithd sletbicatyeternrsicst Ao and
transfer the displacement value to the main control module; the overground tower displacement sensor
is configureif RARTERFRT BRGNS EdBBRkation of the tower within the predetermined time t; the main

control module is con é%u ed to compute a dis Iacem%eﬂilt value of the t(éwer within the predetermined

time t basé@ofPHE" SRS ARSASHIRE ASHLY d%%ﬂ%% e Wl SI&S@’rﬂren‘f &56F the tower
relatve 1o MERUIRGSARELRD e iaceme A RLNE RSP <k g3 e BOWET SHRRlY modure s
e n i and t I

configured to power ower displacemg&nt monitoring termina e underdround cement

monitoring{eriRalnane dBmAAMEMNSAIRUTIRIWE S5 I R LR ERA T RIAGRAIGRL YRIMES

received and computed by the main control module to a remote monitoring terminal under control of

the main C%ﬂé@h”tﬁé%%@w&- JippHispiaaamenidneritespthaMsemIar insiidwerofdimalwherein the
overground tower displacement sensor and the underground tower displacement 5sensor are a

tri-axial accetgratied sedsomeespetivelynadlulde displacement monitoring system for the tower of
claim 1, wherein the power supply module comprises: a wind power generation module, configured to
generate ghlectrivilgrarcotal povpbagenenttionnifodnle, configaledtangedepatenslantdeiground
bedrock, comprises a controlling module and an underground displacement sensor
electrically connected to the controlling module;
the underground displacement sensor is configured to monitor a motion
15 acceleration of the bedrock within a predetermined time t;
the controlling module is configured to compute a displacement value of the
bedrock within the predetermined time t based on the motion acceleration of the
bedrock and transfer the displacement value to the main control module;
the overground tower displacement sensor is configured to monitor a motion
20  acceleration of the tower within the predetermined time t;
the main control module is configured to compute a displacement value of the
tower within the predetermined time t based on the motion acceleration of the
tower and compute a displacement value of the tower relative to the bedrock based
on the displacement value of the bedrock;
25 the power supply module is configured to power the tower displacement

monitoring terminal and the underground displacement monitoring terminal; and

the communication module is configured to send displacement values received and
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10 an accumulator; and a charging management module; wherein the wind power generation module,
the solar power generation module and the accumulator are connected to the charging management
module respectively. 4. The displacement monitoring system for the tower of claim 1, wherein the
tower 15 displacement monitoring terminal further comprises a storage module, a display module, a

reset modylengsistei ClockrROGMe Woatel hdditeags madetdhmdifRimneadiientie dgaes module
and the clock module are electrically connected to the main control module;  the storage module is

configuredcienstor e Udia eainpetad dyrteelmain control 20 module; the display module is configured to
locally display the date; the reset module is configured to perform a reset operation to the tower
displacementThenitoypactenemamandoringhes yiook niod theiseonfigeled daomprbyivderemifidet work
clock for the tower 25 displacement monitoring terminal and synchronize the clock. 5. The
displacemeHeraenHisting wostehpaceiscnessPE|aivd TheHeréaaraund deryrsuft Rlisgtarthent
monitoring terminal further comprises a memorizer, a reset and clock module, wherein the memorizer,

the redet alfd 96 EGIIGURXEHLASRSIFTAHAN SSARREETRE tHEGRAIN control module; the memorizer is
configured ta store. dagta computed by the controlli odule; the reset and clock.mgdule is configured
to performh 1QKE USRS 1> B S AR G R AN ER ORI ing YRR A S R Bivide a
unified work clgck for nderground displacement monitoring terminal and synchronize the clock. 6.
The displasc%éﬁii rﬁgméﬁﬂlg%%%:n for the tower of claim 1, wherein the main control module is

communicgigel witfh (e RERIiRG RANE DYORREBR BYS cendrafs WIGRIIRLRG method of &
displacement monitoring system for a tower, wherein 10 the monitoring method comprises: monitoring
and compiytig# gispacesmeninciuasidne tdNBigured to generate electricity;
10  an accumulator; and
a charging management module;
wherein the wind power generation module, the solar power generation module and
the accumulator are connected to the charging management module respectively.
4. The displacement monitoring system for the tower of claim 1, wherein the tower
15 displacement monitoring terminal further comprises a storage module, a display
module, a reset module and a clock module, wherein the storage module, the
display module, the reset module and the clock module are electrically connected to
the main control module;
the storage module is configured to store data computed by the main control
20 module;
the display module is configured to locally display the date;
the reset module is configured to perform a reset operation to the tower
displacement monitoring terminal; and
the clock module is configured to provide a unified work clock for the tower
25  displacement monitoring terminal and synchronize the clock.
5. The displacement monitoring system for the tower of claim 1, wherein the

underground displacement monitoring terminal further comprises a memorizer, a
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monitoring and computing a displacement value of an underground reference point; computing a
displacement value of the tower relative to the reference point based on the displacement value of the
tower and the displacement value of the 15 underground reference point; sending the displacement
value of the tower, the displacement value of the underground reference point and the displacement
value of thgs{ewehdelabive @ daalendengreHneheisianece PaiNtie adematrineestonederninal;
wherein the underground reference point is a position of an underground 20 displacement sensor
arranged @ieanridatigrgopuedtbé dootik. nBaihhmasliiedglmethod of claim 7, wherein the step of
monitoring and computing a displacement value of the tower comprises: Monitoring motion
acceleratidhe m¢mgraradt & cospentiedyoatony threecaxasurdthbry dlpredeteothing dnodele; and computing
displacement values D" Dy and D, along the 25 three axes within the predetermined time t, wherein
ax, ay andthe aiesehotioh ateeleranoiiderdspeetiii@yrabrig Xoesliarny axiscasld Pasasionr Oy &sd D, are
respectively displacement values along X axis, Y axis and Z axis; wherein the X axis and Y axis are

two caordifBfetgreund Jsplncerasnb DaHIBHRS B, sid Rfirdddert tHuledxqEacletkdinate
axis across an intelr@%ction of tH axis and the Y axis in a veriical irection. . 9, Thei nitoring
Bl

method of S HREN A RBlAE RO RY B R PRl AR AR R RS 10kt an
d dreferg int ises: Monitari tl lerafi o) la, of th
ndergroug B e R e G Rt L e MR e

time t, and GAmMPHARMAISAECSMFRENES wi%hTtK@EQnTr&fiﬂgIHBQSIQWR‘é&%@iﬂﬁce point along the

X axis, Y axis and Z axis within the predetermined time t. 10 0. The monitoring method of claim 9,
wherein the. siemohROMBLIAG RO SAIACAARE VAR AhEi e splaiveris WedwlaranrerBpint based
on the displacement value of the tower and the displacement value of the underground reference point
compusesthe oniputiing metisptbcempritealue of the tower relative to the reference point along 15 the
X axis by expression L = /3, -7:'; Computing a displacement value of the tower relative to the reference
point alongnbel YERES ddexprgssiog bydsplycemenamal Goodghtingwedisplacement value of the tower

relative to the reference point along the Z axis by expression Lz =Dz-Tz. .
monitoring and computing a displacement value of an underground reference point;

computing a displacement value of the tower relative to the reference point based

on the displacement value of the tower and the displacement value of the
15  underground reference point;

sending the displacement value of the tower, the displacement value of the

underground reference point and the displacement value of the tower relative to the

underground reference point to a remote monitoring terminal;

wherein the underground reference point is a position of an underground
20  displacement sensor arranged on an underground bedrock.

8. The monitoring method of claim 7, wherein the step of monitoring and

computing a displacement value of the tower comprises:

Monitoring motion accelerations a,, a, and a, respectively along three axes within a

predetermined time t, and computing displacement values D,, Dy and D, along the
25 three axes within the predetermined time t, wherein a,, a, and a, are motion

accelerations respectively along X axis, Y axis and Z axis, D,, Dy and D, are

respectively displacement values along X axis, Y axis and Z axis;
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20 11. The monitoring method of claim 8, wherein the step of computing displacement values Dx, Dy
and D, along the X axis, Y axis and Z axis within the predetermined time t comprises: Computing the
displacement value of the tower along the X axis by expression D " =V t+-1 a t2 2, wherein when the
displacement value of the tower along the X axis 25is computed at the first time, the value of 1.7, is

zero, and i fielionyifie: CRMRI AN YOL e Aisplias ebsri Halb & ad i purRT dlongiheairsihdpe value of

1.7, is a speed of the tower at the end of previous computation of the displacement value of the V =V "
tower alongh théotiasistalndi ts cumptie ¥k exprassiondiawehne dind dssasmimitiarseaiien o fhgrevious
computation of the displacement value of the 5 tower along the X axis, a', is a motion acceleration of
the tower Homgsthadkthzi¥ ehiained framdhledprestions computation of the displacement value of the
tower along the X axis; Computing the displacement value of the tower along the Y axis by expression
D =V t+la {2, Wheremontieringe wielade flersldiaiueof wectsitertbforidetheoy drinvoring 1and
computed at the first time, the value of Vy is zero, and in following computation of the displacement

value of the SRt Afom g RlapeREMNe A RS 8P WIS 2 EEli ol FenSWRSH At SREBRESY previous
computation of the displacement value of the tower along the Y axis and is computed by expression
Vy =V '3, -Fvylopitne neiotdi3acs elermiicalsvalyebnatihé pyexfiatis coiingiation atfeecdispipeement value
of the tower 15 along the Y axis, a'y is a motion acceleration of the tower along the Y axis obtained
from the previous.c m%LftatioEkng% disp&a%emegﬁa/aéue of thﬁﬁ?r\{v r along tpe Yi ax&si.and ﬁ::omputing

the displa(%ré:'S sht valte of the tower a%shg tHe 2 AXis yaexﬁf)r\évssmn ?,\P}e- ae&l,l Wherem when the

displacement value of the tower along the Z axis 2 20 is computed at the first time, the value of V, is
zero, and imfblipwipy cognditptimement values T,, T, and T, of the underground reference

point along the X axis, Y axis and Z axis within the predetermined time t.

10  10. The monitoring method of claim 9, wherein the step of computing a
displacement value of the tower relative to the reference point based on the
displacement value of the tower and the displacement value of the underground
reference point comprises:

Computing a displacement value of the tower relative to the reference point along

15  the X axis by expression L =D _-T;

Computing a displacement value of the tower relative to the reference point along
the Y axis by expression L =D, -7, ; and

Computing a displacement value of the tower relative to the reference point along
the Z axis by expression L =D —T,.

20  11. The monitoring method of claim 8, wherein the step of computing displacement
values Dy, Dy and D, along the X axis, Y axis and Z axis within the predetermined

time t comprises:

Computing the displacement value of the tower along the X axis by expression

1
D =V t+—at
2 , wherein when the displacement value of the tower along the X axis

25  1is computed at the first time, the value of V_ 1is zero, and in following computation
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of the displacement value of the tower along the Z axis the value of V, is a speed of the tower at the
end of previous computation of the displacement value of the tower along the Z axis and is computed
by expression V=V +a'zt ,wherein V', is an initial value in the previous computation of the
displacement value of the tower 25 along the Z axis, a', is a motion acceleration of the tower along the

Z gxis Obtﬂﬂ%f&gbfb@eﬁ{éﬂi%&‘é)w&@t@w& HI@I@%'@%'E}%RW@%I%%@ t?}ﬁ%@?pééﬁng the Z
axis. 12. The monitoring method of claim 9, wherein the step of computing displacement values T" Ty

and T, of the HRORSGQUACHRIISDGS RREVIBIRN dtAD SFaNS anpriRMthinEs prgdetermined

time t comprises: 5 Computing the displacement value of the underground reference point along the X

axis by expressiofiofe Wi XPaléis WiEr¢indsEIBe ﬂgﬁre!iﬁrgf‘é&qahvmvﬁ e, 2 yRdargroynd

reference point alongthe X axis is computed at the first time, the value of U, is zero, and in following

computatigq g thagisplasemantNalpeceisns tavepatansnths Xhexisisprvainenef\diis asnaed of the

underground reference 10 point at the end of previous computation of the displacement value of the
under§routuivefedengethoiXt akosng the X axisotiot iscceteptied by dxptessionldhy) ther X 'nxherein U™
is an initial value in the previous computation of the displacement value of the underground reference
point alongtheincaxisois ahnqgiieniaoseteiajotacioefinterdispladariaiencaueoint aengitherX axis
obtained %gwﬁg%ﬁﬂ'pus computation of the displacement value of the underground reference

e

point along_th axis; Computing the displacement value of the undergﬁr{oun_d reference point along
the Y omputing the displacement value of the tower along the “Y axis by expression

1 . . .
D, =Vyt+§ayt2, wherein when the displacement value of the tower along the Y axis
10 is computed at the first time, the value of V| is zero, and in following computation

of the displacement value of the tower along the Y axis the value of V| is a speed of

the tower at the end of previous computation of the displacement value of the tower

along the Y axis and is computed by expression V, =V' +a't,wherein V' is an

initial value in the previous computation of the displacement value of the tower

15 along the Y axis, a, is a motion acceleration of the tower along the Y axis

obtained from the previous computation of the displacement value of the tower
along the Y axis; and
Computing the displacement value of the tower along the Z axis by expression

1 . : :
DZ=VZt+EaZt2, wherein when the displacement value of the tower along the Z axis
20  is computed at the first time, the value of V_ is zero, and in following computation

of the displacement value of the tower along the Z axis the value of V., is a speed of
the tower at the end of previous computation of the displacement value of the tower
along the Z axis and is computed by expression V, =V' +a't,wherein V', is an

initial value in the previous computation of the displacement value of the tower

25 along the Z axis, a', is a motion acceleration of the tower along the Z axis

z

obtained from the previous computation of the displacement value of the tower
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axis by expression T =U t+-1b t2, wherein when the displacement value of the YY 2 Y underground
reference point along the Y axis is computed at the first time, the 20 value of U is zero, and in following
computation of the displacement value of the tower along the Y axis the value of U y is a speed of the
underground reference point at the end of previous computation of the displacement value of the
undergroupt?P&rEiefe@8int along the Y axis and is computed by expression  Ty=U +b'yt ,wherein

Ty is an infial xglue, I (e RIevioNs comYIation of . 2o dlsBlacerpent value of e bndeiground
reference point along the IS, DY IS a motion acceleration o e undergrou reterence point along

the v i QRIRIRCA oM i Pyiols SAMBLIAIAN ofhs lepiBErment YAt ok heundermiund

reference point along the Y axfs; an isplace nderground reference

point along tezZ,kid witih thédecadleBrimby BXRasRIpMdagrein when the displacement value of the
under%rou{n;d reference first time, a value of U ig ggro, and in
C

point along the Z gxis is.computed at th
followng CoRPBINH i alepneR nlvs ol B aderetound reference point along ¢
axis by expression TX=UXt+%bXt2, wherein when the displacement value of the

underground reference point along the X axis is computed at the first time, the

value of U, is zero, and in following computation of the displacement value of the

tower along the X axis the value of U _ is a speed of the underground reference

10 point at the end of previous computation of the displacement value of the
underground reference point along the X axis and is computed by expression

T.=U'_+b' t,wherein U' 1is an initial value in the previous computation of the

displacement value of the underground reference point along the X axis, b', is a

motion acceleration of the underground reference point along the X axis obtained
15 from the previous computation of the displacement value of the underground

reference point along the X axis;

Computing the displacement value of the underground reference point along the Y

. . 1 . .
axis by expression T,=U yt+§byt2, wherein when the displacement value of the

underground reference point along the Y axis is computed at the first time, the

20 value of U, is zero, and in following computation of the displacement value of the

tower along the Y axis the value of U is a speed of the underground reference

point at the end of previous computation of the displacement value of the
underground reference point along the Y axis and is computed by expression

T,=U' +b' t,wherein U', is an initial value in the previous computation of the

25  displacement value of the underground reference point along the Y axis, b', is a

motion acceleration of the underground reference point along the Y axis obtained
from the previous computation of the displacement value of the underground
reference point along the Y axis; and
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5 tower along the Z axis the value of Uz is a speed of the underground reference point at the end of
previous computation of the displacement value of the underground reference point along the Z axis
and is computed by expression Tz =ti 'z +b'zi ,wherein U 'z is an initial value in the previous
computation of the disPIacement value of the underground reference point along the Z axis, b 'zis a 10

motion ac&ePPRISINhsedirRiargraaRt Yateethpdndarsrorime iekrnen Bt alons ¢ frevious

computation of the displacemeqlgelt{gg tige underground reference point along the Z axis. 13. The

monitoringa%“?)?ﬂ é%é;#@riﬁ'i‘o%o’ whereirnthe meffiad g HOMRIFRE UMRHING AR AGfUile
displacement value S of the tower relative to g?é%zference 1&(351#30|ntf£n trﬁﬁgglzontal directjon by

expressioﬁl%dgigwlld?_ PEEEY B?f’?rli@]c?lgﬁl SRV AN ECOTRHE b e RIHEEhE nce point

I h is = -7/ i h lag] int al
clrg e e 5t T SRR AL ooy e e TR e s

the Y axis Ly = Dy - Ty , and computing a n angle o
expression = arcsin( AlL!Ly2 DISPLACEMENT MONITORING SYSTEM FOR TOWER AND
MONIT ORibVGEIMETIHOMET AERFORABIURACTUOR THpd2I5 6 @fsUREH&GEhmipde sefdrimeention
provides a displacement monitoring system for a tower, the displacement monitoring system includes
a tower digplanemenhenamtbristy frovioas ascnapugieigeiintdisiiptarserimonilocingftetimsinal
electrically, conpaigador e e SiRIAGRIASNHROAIQUND Llninal B‘?&‘é?r?g}sglﬂﬁ%%?&

monitoring terminal is arranged on'the tower and includes a main control modulé, 10 an overground

tower disptacamentseRagsiramawer sURRVIMQSUIeARI M CHRPHNEIONBIAPUIRIWINILiIthihe
overground tower displacement sensor, the power supply module and the communication module are

electrically connected to the main control module respectively, the underground displacement
monitoringdisBlfigRINRNAFatiiR @ el DdeEsHBNAd HeimrBER RAthnglaassthecdntolting mddldle 15 and
an underground displacement sensor electrically connected to the controlling module. According the
techii¢al soRiton, afiepleicéiaemisBrsvrslargravad weiersmicsr peendislsiaceent valisesbdtithediower and

the bedrodkdsaspaetiyebuithen doengispiace nenihveldespidbenienen iglativer tehbeubadroekuisdomputed

based on t&?egie Clg%%%?%(\)/géu&se % gggst.ower and the bedrock, this technical solution

13. The monitoring method of claim 10, wherein the method further comprises:

Computing an actual displacement value S of the tower relative to the reference
15 point in the horizontal direction by expression S=1/LX2+LY2 based on the

displacement value of the tower relative to the reference point along the X axis

L =D _-T  and the displacement value of the tower relative to the reference point

along the Y axis L, =D, —T,, and computing a deviation angle of the tower relative

6 = arcsin( =

——)
: . JLE+L}
to the X axis by expression ! Yo

20
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20 overcomes the one-sidedness of only monitoring the incline angle of the tower, and is a more
comprehensive monitoring solution. Thus the displacement value of the tower can be accurately

monitored on line, the actual state of the tower can be monitored, and therefore it is beneficial for
further plan and build of national grid. 25 Fig. 2

DISPLACEMENT MONITORING SYSTEM FOR TOWER AND
MONITORING METHOD THEREOF

ABSTRACT OF THE DISCLOSURE

5 The present invention provides a displacement monitoring system for a tower,
the displacement monitoring system includes a tower displacement monitoring
terminal and an underground displacement monitoring terminal electrically
connected to the tower displacement monitoring terminal, the tower displacement
monitoring terminal is arranged on the tower and includes a main control module,

10 an overground tower displacement sensor, a power supply module and a
communication module, wherein the overground tower displacement sensor, the
power supply module and the communication module are electrically connected to

the main control module respectively, the underground displacement monitoring
terminal is arranged on an underground bedrock and includes a controlling module

15 and an underground displacement sensor electrically connected to the controlling
module. According the technical solution, displacement sensors are used to monitor

the displacement values of the tower and the bedrock respectively, then the
displacement value of the tower relative to the bedrock is computed based on the
displacement values of the tower and the bedrock, this technical solution

20  overcomes the one-sidedness of only monitoring the incline angle of the tower, and
is a more comprehensive monitoring solution. Thus the displacement value of the
tower can be accurately monitored on line, the actual state of the tower can be

monitored, and therefore it is beneficial for further plan and build of national grid.

25 Fig. 2

28



