1 TITLE OF THE | NVENTI ON AUTONOMOUS RADI O FREQUENCY MAPPI NG 5 BACKGROUND OF
THE I NVENTION (a) Field of Invention 10 The present invention relates to
radio frequency (RF) mapping. (b) Brief Description of the Prior Art 15 RF
signals relating to sensed paraneters or neasurenents are transmtted from
an object, such as an aircraft or vehiicle, to receiving or tracking
stations. However, after the installation of an antenna on a | arge scale
vehicle, the radiation pattern of the transmtting antenna will be altered
due to the interaction of (MELBQRTHE IMVENTI@Nvehicle's structure. The
altered radiation 20 pattern needs to be mapped to understand the coverage

(e.g. signal StrenglN&)T@NOMdJE!StRAM@FS@EQUEN‘G‘?MRPPH\I@ function of
azimuth and elevation relative to the vehicle. Also, it may be that the

| ocatgi on of the antenna is less than optimal, in that inference effects

due to the vehicle's str hod to do that is to

map the radiation patte#ﬁggﬁtﬁggggﬁngzﬁge'ﬁ&gﬁ@p I vi ng antenna around

t he vehic he transmtting antenna is operational. The current
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practi cd ¥ | abour intensive and is prone to human error.
For instance, if a rreasurerrent needs to be repeated, then the path to be
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(b)  Brief Description of the Prior Art

15 RF signals relating to sensed parameters or measurements are
transmitted from an object, such as an aircraft or vehicle, to receiving or tracking
stations. However, after the installation of an antenna on a large scale vehicle,
the radiation pattern of the transmitting antenna will be altered due to the
interaction of the antenna with the vehicle's structure. The altered radiation

20 pattern needs {o be mapped to understand the coverage (e.g. signal strength) of
the transmission antenna as a function of azimuth and elevation relative to the
vehicle. Also, it may be that the location of the antenna is less than optimal, in

that inference effects due to the vehicle’s structure occur.

25 A known method to do that is o map the radiation pattern by manually
moving a receiving antenna around the vehicle while the transmitting antenna is
operational. The current practice for RF mapping is labour intensive and is prone
to human error. For instance, if a measurement needs to be repeated, then the
path to be followed may not be accurately reproduced.

30

Accordingly, it is an object of the present invention to provide an
autonomous RF mapping vehicle which can overcome or at least reduce the

above mentioned drawbacks.



aut ononmous RF mappi ng vehicle which can overcone or at |east reduce the
above nentioned drawbacks. 2 SUMVARY 5 According to one aspect of the
present invention, there is provided an autononous vehicle operable to
traverse a scanning path around a test object having a radio frequency
signal source, said vehicle conprising a height controllable antenna
nounted onto the autononous vehicle; a Central Processing Unit (CPU)
provi di ng control of the autononous vehicle; a navigation 10 system for
calculating relative distance and direction for the autononous vehicle's
scanning path around the test object; a vehicle control system responsive
to said CPU for positioned the veE% I an initial scanning position and
for causing traversal of the scan lﬁﬁﬁkg%ﬁ; an antenna el evation system
being controlled by the CPU to set the antenna to one or nore heights
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there i rovided .a nethod, for mapping the radiation pattern of
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vehicle’s scanning path around the test object; a vehicle control system
responsive to said CPU for positioned the vehicle at an initial scanning position
and for causing traversal of the scanning path; an antenna elevation system
being controlled by the CPU to set the antenna to one or more heights during the
15 scanning path; and a data acquisition system for acquiring and storing at least
RF signal strength continuously in the course of said scanning path.

According to an alternative aspect of the present invention, there is
provided a method for mapping the radiation pattern of transmitting antenna
20 carried by an object, comprising the steps of :
(a) an autonomous vehicle locating itself positionally;
(b)  the vehicle determining the location of the object and determining a start
point of scanning path with reference to the object; and
(¢}  the vehicle traversing the scanning path and adjusting a scanning antenna
25 carried by it to capture at least RF field strength data to give a 3-Dimension

representation of the transmitting antenna.

Lesser manpower is required to achieve the RF mapping; specifically, no
manpower effort needed during the mapping process.

30 .
Other objects and advantages shail become apparent by reading the following

detailed description with reference to the accompanying drawings.



representation of the transmtting antenna. Lesser manpower is required to
achi eve the RF mapping; specifically, no manpower effort needed during the
mappi ng process. 30 Gt her objects and advant ages shall becone apparent by
reading the followng detailed description with reference to the
acconpanyi ng drawi ngs. 3 BRI EF DESCRI BTI ON OF THE DRAWNGS FIG 1 is a
schemati ¢ di agram showi ng a vehicle incorporating an 5 autononous RF

mappi ng system enbodyi ng the present invention. FIG 2 is a block diagram
of the RF mapping system FIG 3 is a flow diagram showi ng the operation

fl ow of the autononou i St DESCRI PTI ON OF THE

| NVENTI ON I n descri bi EﬁEFﬁEgmgﬁéwﬁﬁﬁﬁﬁpﬁwﬁg i nvention illustrated
in the drawi ngs, specific termnology will be resorted to for the sake of
clarity. However, the invention is not intended to be |limted to the

speci fic ternkEl&ol s echardatiadiagram shoiving a vebiclmitheoitaraiing Bat each
specific_t | ncludes al.l technica uiyal ents . which operate in a
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there i s showR|@P RW Bl@@ﬁ@iﬁ\%ﬂﬁ%ﬂh@ Fayﬂmdp,@m@gyst@ﬂ_antenna 20 mounted from
an el evation system 70. 20 Wth reference to the bl ock diagram depicted in

FIG 2, an auténohisuafleyw diagipp shpwipe tkeropsratiomflovs ektherautanemaua REO f or
receivi n&a%ﬂir@:sycsit&ﬂ?‘l

10 DETAILED DESCRIPTION OF THE INVENTION

In describing a preferred embodiment of the invention illustrated in the
drawings, specific terminology will be resorted to for the sake of clarity. However,
the invention is not intended to be limited to the specific terms so selected, and it

15 is fo be understood that each specific term includes all technical equivalents

which operate in a similar manner to accomplish a similar purpose.

Referring now to FIG. 1, there is shown an autonomous vehicle 10, having
an antenna 20 mounted from an elevation system 70.
20
With reference to the block diagram depicted in FIG. 2, an autonomous RF
mapping system 25 comprises the antenna 20 for receiving an RF signal
transmitted from a source 85 positioned onto the autonomous vehicle 10; a
Central Processing Unit (CPU) 30 providing overall contro! of the autonomous
25  vehicle 10; a navigation system 40 for calculating relative distance and direction
for the autonomous vehicle 10 to circulate a test object 80 to be scanned:; a
vehicle control system 50; an antenna elevation means 70 being controlled by
the CPU 30 to set the antenna 20 at pre-defined heights to perform scanning;
and a data acquisition system 60 having a recording system for recording RF

30 signal strength and transmitted data continuously in the course of mapping.



transmtted froma source 85 positioned onto the autononous vehicle 10; a
Central Processing Unit (CPU 30 providing overall control of the

aut onomous 25 vehicle 10; a navigation system 40 for calculating relative
di stance and direction for the autononous vehicle 10 to circulate a test
object 80 to be scanned; a vehicle cantrol system 50; an antenna el evation
means 70 being controlled by the CPU 30 to set the antenna 20 at
pre-defined heights to performscanning; and a data acquisition system 60
havi ng a r ecofhe npesfishenthie RF mappitignsysikim 26 will goay bs desadbdd mnd

transmtted d ta [of ously int urse of mapping. 4 The operation of
the RF nefp 'ﬁ%&'ﬁez@o% I'E?Igrﬂm/\‘i’ﬁ:gedgscri bed in conjunction with the

fl ow di agram of FIG 3. The CPU 30 has control of the entire autononobus
vehicle 10. In 5 operation, at the start (step 5100), the autononobus
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sel ect i onumBechf $azsis foobne@trsulampatte teayadiandtepbalfofPetween kath eirptiler or the
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for example the shape and size of the test object for user selection. Such test
objects may be any kind of fighter, helicopter or the like which has at least one
installed RF source 85. The user has the possibility of further specifying a
15 number of concentric scans to be perform with specific radial intervals between
each concentric circle. In order to obtain a 3-Dimensional (3D) mapping image of
RF signal distribution around the test object 80, a plurality of scans are performed
with various height of the antenna 20 for a same circular path or over a number
of paths.
20
The navigation system 40, based on Differential Global Positioning
System (DGPS) or Inertial Navigation System (INS), determines it's own location
and calculates the relative distance and direction with respect to the test object
(i.e. based on the user input location) 80 to perform the RF scanning. The
25 location of the test object is, for example, the position of the landing
gears/wheels. The calculated results send to the CPU 30 to plot a traveling path,

and the CPU 30 provides steering inputs to the vehicle control system 50.

The traveling path is plotted from the original location to the initial position
30 by the CPU 30. Based on the user input parameters, the CPU 30 further

calculates a final position, which is a location where the autonomous vehicle 10



RF signal distribution around the test object 80, a plurality of scans are
performed wth various height of the antenna 20 for a sanme circular path
or over a nunber of paths. 20 The navi gati on system 40, based on
Differential dobal Positioning System (DGPS) or Inertial Navigation
System (INS), determnes it's own locgtion and calculates the relative

di stance and direction with respect to the test object (i.e. based on the
user input location) 80 to performthe RF scanning. The 25 | ocation of the
t est objwilitendsat drme thracpheingtprecesssistdoorplefedt Heorlthadhitial pagpitmmnsdiwheel s. The
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vari abl ethe quarspk ¥infonna Weightamcedual to thie) A; (wleprS141). represents radi us of the
scanning circle and h represents the height of the antenna 20. Once the
aut ononous vehicle 10 has positioned itself at the initial 5 position (r,,

h;), the CPU |14 r kgt 40) and
t he current a% Sée%ﬁgﬁ Hlief?gﬁ%iwgeé%ngﬁ 8‘(’%?%@’%‘? (?ﬂ??g g%ﬁ?h'&%é%@t gn t he
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Process. thllstarting location, the CPU 30 instructes the antenna elevation system 70 to

set the RF receiver antenna 20 at a prescribed height to begin a circular scan.

The autonomous RF scanning system 25 starts the RF scanning (step

15 S142) by moving along a first circular path. While scanning, the detected RF
signals will be acquired and recorded in the data acquisition system 60 (step
$150). This signal includes RF signal strength and RF data. After a first scan is
completed, the CPU 30 will check if the autonomous vehicle 10 has returned to
the initial position r.. If in the affirmative, the CPU 30 will adjust the current

20 antenna height to the next antenna height and sef the next antenna height as the
current antenna height (step S147). Such scanning process will be repeated on
the first circular path until the antenna reaches the final antenna height, hy.

The autonomous vehicle 10 moves to another circular path r;.4, having a
25 prescribed radial interval from the previous circular path, and the antenna height
is restored to the initial height, h;. Steps S141 to $146 loop until the vehicle’s
position and the antenna’s height reach the final position and the final height (ry,
hy).

30 In case where a continuous scan is required for additional circular paths
and/or additional antenna heights, the autonomous RF mapping system 25 sets



the starting location, the CPU 30 instructes the antenna el evati on system
70 to set the RF receiver antenna 20 at a prescribed height to begin a
circular scan. The autononpbus RF scanning system 25 starts the RF scanning
(step 15 S142) by noving along a first circular path. Wile scanning, the
detected RF signals will be acquired gnd recorded in the data acquisition
system 60 (step S150). This signal includes RF signal strength and RF
data. After a first scan is conpleted, the CPU 30 will check if the

aut ononothe autdnarheud Ochigke t@irua padidutar gdsétionmand/al height, even ifithe |f in the

affirmative, the, CP ust t nt 20 antenna height to the
next ant¥igiaalRgsHipn %ﬁgeé@hoﬁg ﬁ@?forgh?g‘?ﬂ tg‘j‘Pﬁy BAwW bedi %r@%? é’ﬁfn ant enna
hei ght (#hbgReviddd kcafuch scanning process will be repeated on the first

circular path until the antenna reaches the final antenna height, hf. The
aut ononmous vehicle 10 noves to another circular path r +j, having a 25

pres I bed radi al erval fromthe.preyxio C|rc:ular d, the antenna
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parti cul ar posi even osItl t he
vehi cl e grevimnd/sgant he test object may now be different from the previ ous
scan. 5 In case where a rescan is required, the RF mappi ng system 25 sets
t he 1%ut ononous RF mappi ng systemto performthe sanme scan sequence for the

In accordance with the preferred embodiment, the components may be
housed in a battery operated eight-wheeler vehicle, as such as a vehicle is able

to transverse uneven terrain during field mapping of a test object.

15 The autonomous vehicle 10 is able to accurately navigate around the test
object 80 without additional or external assistance from other operating staff.
The navigation system 40 provides that the user need only specify the type of
test object is being mapped. On some occasions, the test object 80 is not listed
within the database, the user can activate mapping at a default distance from the

20 test object 80. Concurrently, the vehicle will position the antenna 20 with respect

to a specified elevation.

In order to reduce the possibility of data corruption though multi-path
reflection of RF transmission, the vehicle 10 may also incorporate RF adsorbent
25 material (RAM).

Accordingly, the combined result of accurate positioning around the test
object with accurate height positioning of the antenna 20, allows a 3D image
representing the RF radiation pattern of the mounted transmitting antenna 85 to

30 be obtained. A purpose of the user selecting a test object from a database is

such that a solid outline of the object can be superimposed on the 3-Dimentional



sanme test object but a relocated RF source, even if the original position
of the autononous vehicle 10 and/or the location of the test object are
different fromthe previous scan. 10 In accordance with the preferred
enbodi ment, the conponents nmay be housed in a battery operated

ei ght -wheel er vehicle, as such as a vghicle is able to transverse uneven
terrain during field mapping of a test object. 15 The autononous vehicle 10
is able to accurately navigate around the test object 80 without

addi t i oneddiatiorepatearnaand s sipngiee brueeidtimndicatipewaichregesieats (e.g.The

navi gati on system 40 provides that the user need qonly specify the type of
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around the test object with accurate hei ght positioning of the antenna 20,
allows a 3D inmage representing the RF radiation pattern of the nounted
transmtting ’ . : bt ai f user sel ecting
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improvements may be made to the invention w'itﬁbut departing from the spirit and
scope of the invention. Therefore, the invention is not to be limited by the

specific illustrative embodiment, but only by the scope of the appended claims.



wi ngs) of the object cause discontinuities or interference in the radiation
pattern. A purpose for acquiring RF data in addition to field strength is
to conpare 5 with the original data to detect bit errors or the |ike,

whi ch woul d i ndicate a non- optional positioning of a transmtting antenna.
Whil e the invention has been described with respect to preferred
enbodinment, it will be clear to those skilled in the art that nodifications
and 10 i nprovenents may be nade to the invention wthout departing fromthe
spirit a@HAIM8ope of the invention. Therefore, the invention is not to be
limted by the specific illustrative enbodi nent, but only by the scope of

the appended shauBhonfold-rehiSlebpefibla b GraQERIESa gééhrﬁhﬁ paReaRIng 4 Rstraverse
a scanning path around a test object having a radio Trequency signal
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ar ound themt est object; 10 a vehicle control systemresponsive to said CPU
for posiY§ ¢I8d the vehicle at an initial scanni ng position and for causing
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at an initial scanning position and for causing traversal of the scanning path;
an antenna elevation system being controlled by the CPU to set the
antenna to one or more heights during the scanning path; and
a data acquisition system for acquiring and storing at least RF signal

15  strength continuously in the course of said scanning path.

2. The autonomous vehicle according to claim 1, further comprising user
input means, wherein a user inputs a reference location for said test object, and
said navigation system has a positioning system and calculates said relative

20 distance from said reference location and said the vehicle’s location.

3. The autonomous vehicle according to claim 2, wherein said positioning

system is a differential global positioning system or an inertial navigation system.

25 4. The autonomous vehicle according fo either one of claim 2 or claim 3,
wherein said user input includes said scanning path and said one or more
heights.

5. The autonomous vehicle according to any one of the preceding claims,
30 wherein the data acquisition system further records RF data within the acquired
data.



2.- The aut ononmous vehicle according to claim1, further conprising user

i nput nmeans, wherein a user inputs a reference location for said test
object, and said navigation systemhas a positioning system and cal cul ates
said relative 20 distance fromsaid reference |ocation and said the
vehicle's |location. 3. The autononousgvehicle according to claim2, wherein
said positioning systemis a differential global positioning systemor an
inertial navigation system 25 4. The aut ononous vehicle according to

ei ther ofie of The autondnorusclatiicte iccordirgg & any and ofl they piecpdingi alaimsles sai d

scannin ath an jd one or re hejghts. 5. The aufonqnous vehjcle
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The aut ononobus vehicle according to any one of the preceding clains,

wherein said CPU generates a 3-Di nensional representation of said scanned
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10 8. A method for mapping the radiation pattern of transmitting antenna carried
by an object, comprising the steps of :
{c) an autonomous vehicle locating itself positionally;
(d) the vehicle determining the location of the object and determining a start
point of scanning path with reference to the object; and
15 (e) the vehicle traversing the scanning path and adjusting a scanning antenna
carried by it to capture at least RF field strength data to give a 3-

Dimension representation of the transmitting antenna.

g. The method according to claim 8, further comprising the steps of a user
20  inputting a reference location for said test object; and wherein said scanning path
is determined from said reference location and the vehicle’s instantaneous

position.

10.  The method according to claim 9, wherein said a user inputs said

25 scanning path and adjustment of said scanning antenna.

11.  The method according to any one of claims 8 to 10, further comprising the

step of recording RF data within the captured data.



poi nt of scanning path with reference to the object; and 15 (e) the vehicle

traversing the scanning path and adjusting a scanning antenna carried by

it to capture at least RF field strength data to give a 3- D nmension

representation of the transmtting antenna. 9. The nethod according to

claim8, further conprising the stepsi®@f a user 20 inputting a reference

| ocation for said test object; and wherein said scanning path is determ ned

fromsaid reference | ocation and the vehicle's instantaneous position. 10.
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scanni ng ? and adj usgﬁ i d scanni ng ?nt_enna. 11. The net hod
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recordi ng dfaydata within the captured data. 10 12. The nmethod according to

any one of g1a|rms 8 to 11, further conprising the step of generating a

3-Di nensi onal represent at| on of said captured RF signal strength. 5 13.

The th ordin oclaima12, fu r.,.conprisin he ste of
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froma pluralit test object data sel ectable bg said user. 10
representatlon wherein sald representation of the test object are found from a

plurality of test object data selectable by said user.
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