1 PORTABLE AND COMPACT SURVEILLANCE ROBOT The present application relates to a robotic
structure. In particular, the application relates to a robotic structure 5 for climbing an object and to
methods for ascending as well as for descending from the object. Robots have automatically guided
machines for performing predetermined tasks. THese robots can be used in a variety of 10applications.
For instance, the robots can be deployed in civilian applications to inspect or search buildings with
structural ®ARA§E84 Eatde CAMBAC DY BaRYighakesyFIBoBOBAThurricanes. The 15 robots can also be
equipped with sensors for inspecting or searching buildings or outdoor sites that are contaminated with
radiation, with biological agents such as viruses or bacteria, or with chemical spills. 20 Alternatively,
the robots Taa haresehih @iy epphomtiorskaticsrctdeemeoblatgeraErfoctoldiers. IFor instance,
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enforcement application$ including reconnaissance, surveillance, bomb dispos- 25al, and security
patrol8. It ifein cdjdatdmeLrpos® bl ertagiidation iepruvie d0mpaseadspatiestrwehile. 30 It is

believed that arr&pqag%gﬂmﬁ@ im&v%gr%y&{ he robot is intended for performing certain

task, such as surveillance. The improved structuré has a movable base with two movable arms. Each
arm comprises two links that are con- 2 nected with a joint such that the arm is foldable. The arms can
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improved structure_has an advantage of being able climbing a solid object with a small frame. The
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For instance, the robots can be deployed in civilian applica-
tions to inspect or search buildings with structural damages
that are caused by earthquakes, floods, or hurricanes. The

15 robots can also be equipped with sensors for inspecting or
searching buirldings or outdoor sites that are contaminated
with radiation, with biological agents such as viruses or
bacteria, or with chemical spills.

20 Alternatively, the robots can be used in military applica-
tions that are deemed dangerous for soldiers. For iInstance,
the robots can serve as scout units to survey enemy posi-
tions. The robots may also be used in law enforcement appli-
cations including reconnaissance, surveillance, bomb dispos-

25 al, and security patrols.

It is an object or purpose of the application to provide an

improved robotic structure.

30 It is believed that a robot can have an improved structure.
The robot is intended for performing certain task, such as
surveillance. The improved structure has a movable base with

two movable arms. Each arm comprises two links that are con-



10 structure is designed to ascend and to descend from a solid object whilst having small dimensions.
The object can include a step of a staircase. The robotic structure includes a main body. The main
body can 15 house a camera, an inertial sensor, and a control unit. For mobility purpose, a left main
moving means is provided at a left side of the ma body and a right main moving means is provided at
a right side of the main body. The left and right main moving means are adapted or are configured to
contact a 2@grieohdndikface greart shich tibadbdtivesteucturiess fraédaed & nibve. &nesobotic

structure alsg.in 0] I Mok nical units. Each ar i incl pRer branch
member aé% 5§ali—:€)(\7§v§er%faﬁcggEl r%@m%%ﬁgﬁ pggrﬁxﬁ:rnﬁ% e@%go% t%& u%}égfgrgaﬁ h%r%egsﬁl%%gisgaﬁtached to
the main boyly afivaag uppepfitttwbith ieTistihly Bivaged in the vicinity of a rear section of the main
body. The upper branch member is rotatable about the upper joint via an upper actuator. In contrast, a
proximal end 30 of the lower branch member is attached to a distal end of the upper branch member

body bia aJowbr jmmrmh@%mﬁuwwémsem _r@tﬁt@bl@@qﬁ)wﬁéﬂ@i\m j@htlﬁafallii%bf actuator.
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the ground surface area. The upper actuator and the lower actuator can include one or more motor
units. 5 In higinerl ke reasthbyarhelinil eaaecilig@asibre ifam8es8ehnch members. The lower
branch member can also have an auxiliary moving means. The main body and the arm units are
provided such that in a 10 climbing up or a climbing down position of the robotic structure the main

body is supp&tARB bCAGEeD tRrAE Ry MARATH aRkBECAM By tHOR M PRMHBVing means or
the right magi-evineeMpanaekd dhedbeye A5ty eran gekaidiage ff aHowingdigdobotic
structure to ascend or to descend_from a solid object with a small structure. This is unlike other
implement@R3ESThARddSite RaMHR9 L8R I bE 18RS APESe kB pRPESE gAY the A AHDody is
large suchghaitie oFiInbeshaiPHehestwo 20staircase steps for ascending the staircase steps. In
practice, the robotic structure can be placed in an as- cending initial position in which the main body is
rotated about the upper joint. A front section of the main body is

The robotic structure includes a main body. The main body can

15 house a camera, an inertial sensor, and a control unit. For
mobility purpose, a left main moving means i1s provided at a
left side of the main body and a right main moving means 1is
provided at a right side of the main body. The left and right
main moving means are adapted or are configured to contact a

20 ground surface area on which the robotic structure is intend-
ed to move.

The robotic structure also includes one or more mechanical
arm units. Each arm unit includes an upper branch member and
25 a lower branch member. A proximal end of the upper branch
member is attached to the main body via an upper joint, which
is usually located in the vicinity of a rear section of the
main body. The upper branch member is rotatable about the up-
per joint via an upper actuator. In contrast, a proximal end
30 of the lower branch member is attached to a distal end of the
upper branch member body via a lower joint. The lower branch
member is rotatable about the lower joint via a lower actua-

tor. The upper branch member further includes an auxiliary



25 placed higher than the main body rear section, wherein the main body rear section and the auxiliary
moving means contact the ground surface area to support the main body. In addition, the robotic
structure can be placed an operating 30 position in which front parts of the main moving means are
contacting a solid object. The lower branch memBers are contacting the ground surface area to
support the main body rear section whilst the upper branch members and the lower branch 4
members axevbiatabkeastoschangechhdightdiptedaibd attyreac tedtien. gvpositiorseandaceeight of the

upper branch me S of 5_the | r branch mem vide c orientation
of the mai?1i 8%137 is aéera@ﬁeegy 2}%%%%%5 p‘%@ﬁio{nﬂo tgéﬁ%ﬁ%%%a@%%dr%e%n%ﬂrg é%ag%ﬁ:aelower
branch mepnigerer The beiemtation aitiidmain body includes an inclination of the main body. This
shifting moves a centre of gravity of the up- 10 per branch members and of the lower branch members
to generate a tilting moment for the main body. The tilting moment causes the main body to tilt or to

rotateSabolNa@ agienst find nﬁ?a?ﬁ%@dy.thﬁsaimmgli@ Kot \i{h@tllﬂ(i@ldvm’rﬁbrﬁh@tﬁl nievdbers or the
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stops the lower branch members or the upper branch members from moving which in turn causes the
main bodykd Ky tifiay IMBisiRaAdes another means of changing the inclination of the main body. 20
In operation, the robotic structure is usually provided with two arm units. A left arm unit is provided to

the left side whilst a right arm unit is provided to the right side of the main body for lateral stability
although ol dt¥guRAs30aENGs@ hBssBIELSVRIEE Y Ydeednatiehoftin@phiication refers in

genargl to &g itsp thi-aeplicpiiap W@'@@\lﬁ‘? Wokiwilbane pindle apprsiRs 9ppRsthe sin-
gle arm unit is designed such that the robotic structure maintains lateral stability when using the single
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right main moving means.

15 The above arm units have an advantage of allowing the robotic
structure to ascend or to descend from a solid object with a
small structure. This is unlike other implementations that
require i1ts main body to be large. In one example, a length
of the main body i1s large such that the main body touches two

20 staircase steps for ascending the staircase steps.

In practice, the robotic structure can be placed in an as-
cending initial position in which the main body is rotated
about the upper joint. A front section of the main body is

25 placed higher than the main body rear section, wherein the
main body rear section and the auxiliary moving means contact
the ground surface area to support the main body.

In addition, the robotic structure can be placed an operating
30 position in which front parts of the main moving means are
contacting a solid object. The lower branch members are con-
tacting the ground surface area to support the main body rear
section whilst the upper branch members and the lower branch



can be arranged in one or two rows. The main moving means can also have a continuous track for
easy movement over an uneven 5 ground. In a similar manner, the auxiliary moving means can
comprise one or more wheels. In a special case, the wheels turn freely without need for an actuator.
Put differently, the wheels in- 10 clude freewheelihg wheels. Such wheels are usually light and in turn
allow the arm units to be light. The auxiliary moving means can also include a continuous track. A
tip area ofhiesheves aach ateantixdrlcanto citeray&iciohdibgiitsunficéhe pnade Istrdyg grip with an
external SLFéaéﬁe él{:tp% ore, the robotic structure can include a sensor, which often uses infrared, for
determining a distance b etween the main body and a solid object that is in front of the main 20body.
The robotic structure can have an inertial sensor for sensing a spatial orientation Which includes a

direction aﬂdfogr?t gﬁe mn Qo@g etdgqctprq‘balg) Ié*nfgr'tg%tﬁﬂmgtﬁjs 3T b qy are usually
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the robotic structure. 6 The robotic structure usually includes a control unitor a controller that is

equipped ®ifth BNsolRRE ¥o BEARSHAMRTBIRRE rabetictiirudtare ImHarasteld| narkakonihenicate
with a useppliilier2R bR SEYCHHR URRTR WBEIPSE meadites MARhASE FFha t3RpfiGTrugigre to ascend

and to descend from a solid object are provided below. The ZCE)fFllcatlon provides a method for a
robotic stri@are RPHYascERdS SObTIRBS. TA¥eSH&ICaRIdBrTagEaYdNg Pleddi®adRell as an

armio per branch members and of the lower branch members to gener-

ate a tilting moment for the main body. The tilting moment
causes the main body to tilt or to rotate about an axis of
the main body. This tilting is stopped when the lower branch
members or the upper branch members touch the ground on which

15 the main body rests. In other words, the ground stops the
lower branch members or the upper branch members from moving
which 1In turn causes the main body to stop tilting. This pro-
vides another means of changing the inclination of the main
body.

20
In operation, the robotic structure is usually provided with
two arm units. A left arm unit is provided to the left side
whilst a right arm unit is provided to the right side of the
main body for lateral stability although other configurations

25 are also possible. Whilst the subject matter of the applica-
tion refers in general to two arm units, the application
would also work with one single arm unit as long as the sin-
gle arm unit is designed such that the robotic structure
maintains lateral stability when using the single arm unit is

30 used.

The first member and the second member often have a general

shape of an elongated strut or rod.



unit. The arm unit comprises an upper branch member and a lower branch member. The main moving
means is used for moving 15 a main body of the robotic structure over a ground surface area. The
upper branch member is pivotally attached to a rear section of the main body via an upper joint whilst
the lower branch member is pivotally attached to%he upper branch member via a lower joint. In a
general sense, the robotic struc- 20 ture can have more than one moving means and more than one
upper branch members that are connected to more than one lower branch members. The method

comprises-g ste it in_hody by acty- ing t rmanjt such thata fr tjon of the
main body@%ig@%@hﬁl&gggg E\e;é&?ésr? &%/He%rﬁé‘]r?l %@%y%%&gcﬁﬁti\éﬁﬂ%}%&%s %ﬂeérsglﬁnsgg y about
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using®he @EPUMAVing means. The main body rear section is later elevated by actuating the arm 7
unit such that the lower branch member contacts the ground surface area to support the rear section.
The actuation also lifts the rear section of the main body. The elevated main body is afterward moved

onto the olljecbyp iigihlake ReINS moting rAxAd TEHe/ step\ok titinbesithe $3din GRBR IckBEnclude a
step of deteqRINRY AdHANHR 1 ¥1e Mainbeghetojensurgdpat teRdNARNORY ixgiadlerad ikat it does

not topple. 10 The application provides a further method for a robotic structure to ascend a solid
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rear section. The rear section of the main body is then elevated by actuating the arm unit such that a
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A tip area of the lower branch member can include a friction-
15 al surface to provide strong grip with an external surface.

Furthermore, the robotic structure can include a sensor,

which often uses infrared, for determining a distance between

the main body and a solid object that is In front of the main
20 body.

The robotic structure can have an inertial sensor for sensing

a spatial orientation, which includes a direction and a tilt,

of the main body. The direction and tilt information of the
25 main body are usually feedback to a control unit or a user of

the robotic structure for controlling the robotic structure.

In addition, the robotic structure can include a camera that
can tilt, rotate, or pan for providing video images of ob-
30 jects in the vicinity of the main body to the user or to the

control unit for navigating the robotic structure.



body is afterward moved onto the object by using the main moving means. 25 The above step of
climbing of the part of the object can include a step of determining a tilt angle of the main body to
ensure that the main body is stable and that it does not top- ple. Similarly, the above step of the using
of the moving means can include a step of deterr@ining a distance between 30 the main body and the
object. 8 lower branch member to tilt the main body. The shifting of the position and a weight moves a
centre of gradtyrofitbt iovertimacth neembaadly the o peldsaackoomtmbdr tongdnevatesa rotating or

tilting mome t ai y: ITh in body 5 is then ti il I r branch
member i?%f%é%{?ap Fré?n ﬁrgﬁgit%/ %@glﬁ)ﬁﬁé’oﬁmhﬁe‘c tlégea#%ﬂ E)E)%ygr\geﬁi:s?q'r@%?&/e%es a simple
means to tifthHeh@airobodid ¢ Brig-s@ebuofeilting e eaqpler dlaneh hedsserconmie stegef 10 the tilting
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of the arm unit can include a step of rotating the upper branc ber about the upper joint or a step
of 15 Potating the lower branch member about the lower joint. It can also include a step of rotating the

upper branelyREMOEFEPO4! RSIHIRRS IQRAREQHP RN s Iowes RirReh meshatpbprbihe lower

joint. 20 The application provides a method for a robotic structure to descend from a solid object. The
robotic str@ctGflibtHeXRliBed aPb®e PR AfteRodPRASW step of positioning the main body such that 25
a rear section of the main body protrudes from a side of the object by using the main moving means
whilst the object supports the main body. A tip of the lower branch member then supports the rear

section of HEMARPAJGA TR PANIHRPH R PR EARE (O BrA UrRRYERGhETL HE 1% ERver branch

30 mgmbesseatrftaadsuoeyjest face area to support the rear section. The main body is later
moved away from the ob- ject by using the main moving means. After this, the rear section is lowered

by actuating the arm unit. The main body 9
The robotic structure has a moving means as well as an arm

unit. The arm unit comprises an upper branch member and a
lower branch member. The main moving means is used for moving

15 a main body of the robotic structure over a ground surface
area. The upper branch member i1s pivotally attached to a rear
section of the main body via an upper joint whilst the lower
branch member i1s pivotally attached to the upper branch mem-
ber via a lower joint. In a general sense, the robotic struc-

20 ture can have more than one moving means and more than one
upper branch members that are connected to more than one low-
er branch members.

The method comprises a step of tilting the main body by actu-
25 ating the arm unit such that a front section of the main body
is higher than a rear section of the main body. The actuation
rotates the main body about the upper joint. The main body
rear section and an auxiliary driving means of the upper
branch member are contacting the ground surface area to sup-
30 port the main body. The tilted main body is positioned for
ascending the object. The tilted main body is then positioned
adjacent to the object by using the main moving means. The

main body rear section is later elevated by actuating the arm



is later moved further away from the object to lower a front section of the main body. The step of
positioning the main body can include a step of 5 determining a distance between the main body and a
part of the object. Moreover, the step of lowering the main body rear section can include a step of
determining a tilt angle of the main body. 10 The Btep of actuating the arm unit can include a step of
rotating the upper branch member about the upper joint or a step of rotating the lower branch member
about the lonet jaocht ddredisttveclddevarstép-ahcatiegntierumoertaatsh tieenigaraabulit the upper

joint and o ing.the lowey 15 h er t joint. In following ription
details are%'r%?%%% t% 'aée)ééq,cr#b@&e ﬁ?[es E%B&?nﬂgntg%%ﬁé %%pﬁéﬁénﬂ%%héﬁ%g%gﬁéaerﬁﬁg%ne skilled
in the art, Haw&gerttreat tea ensgrcitmentsd ity beagrachsety withbet slkstvadtails nkigs. below have

similar parfﬁqu neRIMiFB Pévﬁléh\}’eaa@ﬁ{@%%%@%@g rﬁ-%F*h“‘gd%ﬁ%fi%EQi‘rﬂf.the similar
parts is here Q_llncorporated y reference, where appropriate, 25 thereby réducing repetition of text
witho@t limiMyih@ diedibsure. Fig. lillustrates a perspective view of an improved ro- bot, 30 Fig.
2illustrates a simplified side view of the improved robot of Fig. 1, Fig. 2Aillustrates a front view of the

robot of Fig. 2, 10 Fig.
The step of tilting of the main body can include a step of

determining a tilt angle of the main body to ensure that the
main body is stable and that i1t does not topple.

10
The application provides a further method for a robotic
structure to ascend a solid object. The robotic structure is
described above.

15 The method includes a step of the main body climbing up a
part of the object such that a front section of the main body
is elevated higher than i1ts rear section. The rear section of
the main body i1s then elevated by actuating the arm unit such
that a tip of the lower branch member contacts the ground

20 surface area to support the rear section. The actuation also
lifts the rear section of the main body. The elevated main
body is afterward moved onto the object by using the main

moving means.

25 The above step of climbing of the part of the object can in-
clude a step of determining a tilt angle of the main body to
ensure that the main body is stable and that it does not top-
ple. Similarly, the above step of the using of the moving
means can include a step of determining a distance between

30 the main body and the object.

In addition, the above methods can include a step of shifting

a position and a weight of the upper branch member and of the
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lower branch member to tilt the main body. The shifting of
the position and a weight moves a centre of gravity of the
lower branch member and the upper branch member to generate a
rotating or tilting moment for the main body. The main body
is then tilted until the lower or the upper branch member is
stopped from moving by the ground onto which the main body

rests. This provides a simple means to tilt the main body.

The step of tilting the upper branch member and the step of
the tilting the lower branch member can include a step of de-
termining a tilt angle of the main body.

The actuating of the arm unit can include a step of rotating
the upper branch member about the upper joint or a step of
rotating the lower branch member about the lower joint. It
can also include a step of rotating the upper branch member
about the upper joint and of rotating the lower branch member
about the lower joint.

The application provides a method for a robotic structure to
descend from a solid object. The robotic structure is de-

scribed above.

The method has a step of positioning the main body such that
a rear section of the main body protrudes from a side of the
object by using the main moving means whilst the object sup-
ports the main body. A tip of the lower branch member then
supports the rear section of the main body. This is achieved
by actuating the arm unit such that a tip of the lower branch
member contacts a lower ground surface area to support the
rear section. The main body is later moved away from the ob-
ject by using the main moving means. After this, the rear

section i1s lowered by actuating the arm unit. The main body
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is later moved further away from the object to lower a front

section of the main body.

The step of positioning the main body can include a step of
determining a distance between the main body and a part of
the object. Moreover, the step of lowering the main body rear
section can include a step of determining a tilt angle of the

main body.

The step of actuating the arm unit can include a step of ro-
tating the upper branch member about the upper joint or a
step of rotating the lower branch member about the lower
joint. It can also include a step of rotating the upper
branch member about the upper joint and of rotating the lower
branch member about the lower joint.

In the following description, details are provided to de-
scribe the embodiments of the application. It shall be appar-
ent to one skilled In the art, however, that the embodiments
may be practised without such details.

Figs. below have similar parts. The similar parts have the
same names or part numbers. The description of the similar
parts is hereby incorporated by reference, where appropriate,

thereby reducing repetition of text without limiting the dis-

closure.

Fig. 1 illustrates a perspective view of an improved ro-
bot,

Fig. 2 illustrates a simplified side view of the improved

robot of Fig. 1,
Fig. 2A illustrates a front view of the robot of Fig. 2,
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illustrates

10

an electrical functional blocks of the

improved robot of Fig. 1,

illustrates steps of ascending a staircase

step using the improved robot of Fig. 1,

illustrates
step,
illustrates
case step,
illustrates
step,
illustrates
case step,
illustrates
step,

il lustrates
step,

il lustrates
case step,
il lustrates
case step,
illustrates
step,
illustrates
step,

illustrates

a first step of ascending the staircase

a second step of ascending the stair-

a third step of ascending the staircase

a fourth step of ascending the stair-

a Tifth step of ascending the staircase

a sixth step of ascending the staircase

a seventh step of ascending the stair-

an eighth step of ascending the stair-

a ninth step of ascending the staircase

a tenth step of ascending the staircase

an eleventh step of ascending the

staircase step,

illustrates
case step,
illustrates
case step,
illustrates

case step,

a twelfth step of ascending the stair-

a thirteen step of ascending the stair-

a fourteen step of ascending the stair-
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Fig. 18 illustrates a fifteen step of ascending the stair-

case step,

Fig. 19 to 26 illustrates steps of descending from a stair-
5 case step using the improved robot of Fig. 1,
Fig. 19 illustrates a first step of descending from the
staircase step,
Fig. 20 illustrates a second step of descending from the
staircase step,
10 Fig- 21 illustrates a third step of descending from the
staircase step,
Fig. 22 illustrates a fourth step of descending from the
staircase step,
Fig. 23 illustrates a fifth step of descending from the
15 staircase step,
Fig. 24 illustrates a sixth step of descending from the
staircase step,
Fig. 25 illustrates a seventh step of descending from the
staircase step,
20 Fig. 26 illustrates an eighth step of descending from the
staircase step,
Fig. 27 illustrates method steps for ascending the stair-
case step,
Fig. 28 illustrates method steps for descending from the

25 staircase step,

Fig. 29 to 36 illustrates further steps of ascending a stair-
case step using the improved robot of Fig. 1,
Fig. 29 illustrates a further first step of ascending the
30 staircase step,
Fig. 30 illustrates a further second step of ascending the

staircase step,
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Fig. 31 illustrates a further third step of ascending the
staircase step,

Fig. 32 illustrates a further fourth step of ascending the
staircase step,

Fig. 33 illustrates a further Fifth step of ascending the
staircase step,

Fig. 34 illustrates a further sixth step of ascending the
staircase step,

Fig. 35 illustrates a further seventh step of ascending the
staircase step,

Fig. 36 illustrates a further eighth step of ascending the
staircase step, and

Fig. 37 illustrates a simplified side view of a further em-
bodiment of the improved robot of Fig. 1

Fig. 1 shows an improved robot 10. The robot 10 has a base or
main body 12. The main body 12 includes a controller and cam-
era box 14 that is mounted on an upper surface of the main
body 12. The main body 12 also comprises a pair of moving
means 16 and 17 as well as a pair of an improved arm 20.

The moving means 16 and one arm 20 are attached to one side
of the main body 12 whilst another moving means 17 and anoth-
er arm 20 are attached to one side of the main body 12. Each

movement means 16 or 17 includes a continuous track 19.

As better seen in Fig. 2, the continuous tracks 19 extend
from a front-end 22 to a rear-end 23 of the main body 12. The
main body 12 has track-driving pulleys, which engages with
the continuous tracks 19. The track-driving pulleys are not

shown In Fig. 2.
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Each arm 20 includes a first link 25 and a second link 26.
The First link 25 is also called an upper link whilst the

second link 26 i1s also called a lower link.

Referring to the first links 25, they have first ends 28 that
attach to the main body rear-end 23 by body rotational joints
30 such that the first links 25 can rotate freely around the
body rotational joints 30. The main body 12 also includes a
link driving mechanism to position the first links 25 at dif-
Tferent angles to the main body 12. The link driving mechanism
IS not shown iIn Fig. 2. The first links 25 also have second
ends 34.

Similarly, the second links 26 have first ends 32 that attach
to the second ends 34 of the first links 25 by link rotation-
al joints 36, which enables the second links 26 to rotate
freely about the link rotational joints 36. The link driving
mechanism is also used to position the second links 26 at
different angles to the first links 25. The second ends 34 of
the first links 25 have supporting wheels 38. Each second end
40 of the second link 26 has a pair of claws 42, as i1llus-
trated in Fig. 1.

The controller and camera box 14 includes a camera and an in-
ertial sensor, both of which are not shown In Fig. 1. The
camera is moveable in that it can tilt and rotate. The iner-
tial sensor is positioned at centre of gravity within the
main body 12 for easier sensing. A front part of the main
body 12 has a distance-measuring sensor 41, as illustrated in
Fig. 2A.

The main body also has electrical functional blocks, which

are shown in Fig. 3. The electrical functional blocks include
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an onboard control module 45 that is electrically connected
to a communication device 46 and that is electrically con-
nected to a drive control module 47. The communication device
46 is communicatively connected to a remote control module 49

via a wireless medium.

In a generic sense, the tracks 19 can be replaced by a row of

wheels.

The first links 25 and the second links 26 do not have a
track or wheel mechanism, which is an advantage as they can
then have a lightweight. This is unlike other implementations
that connect a track and a track flipper to each side of a
chassis.

The robot 10 can fit into a box having dimensions of 305 mil-
limetres by 240 millimetres by 180 millimetres. This 1Is un-
like other robot that performs the similar functions and that

have dimensions of more than 1 meter.

Functionally, the robot 10 is used for climbing or ascending
a solid object, such as a step of a staircase, and for de-

scending from the object.

The robot 10 has the improved arms 20 for lowering or lifting
the rear-end 23 of the main body 12. The arms 20 can also be
used in combination with the tracks 19 to lower or to raise

the front-end 22 of the main body 12. The arms 20 can also be

used to clear obstacles and to grip objects.

A user can use the remote control module 49 to receive data
from the robot 10 and to transmit instructions or control

signals to the robot 10 via the communication device 46.
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The iInertial sensor senses a tilt as well as a planar orien-
tation of the main body 12. The tilt relates to an angle of
the main body to a flat ground area whilst the orientation
relates to a direction of the main body 12. The inertial sen-
sor also detects a yaw or a deviation from intended movement
of the main body 12. The inertial sensor also sends the tilt,
orientation, and yaw information to the onboard control mod-
ule 45.

As i1llustrated in Fig. 2, the camera has a field of view 50.
The camera can tilt or rotate to provide images around the
main body 12 in its field of view 50 for a user of the robot
10. The sensor 41 uses iInfrared to measure a distance between
the main body 12 and a solid object that is placed in front
of the robot 10.

The onboard control modulle 45 i1s equipped with programs or
software for ascending an object and for descending from the
object. The onboard control module 45 receives sensed tilt
and orientation information from the i1nertial sensor and re-
ceives object distance information from the distance-
measuring sensor 41. The onboard control module 45 uses the
received information to determine drive control information,
which are transmitting to the drive control module 47. The
onboard control module 45 also receives yaw information from
the inertial sensor, which is used to correct the main body

movement.

The drive control module 47 used the received control infor-
mation to drive motor for turning the track driving pulleys
to move the continuous tracks 19. The received control infor-

mation is also used to adjust the link driving mechanism for



12 Fig. 31lillustrates a further third step of ascending the staircase step, Fig. 32illustrates a further
fourth step of ascending the staircase step, 5 Fig. 33illustrates a further fifth step of ascending the
staircase step, Fig. 34illustrates a further sixth step of ascending the staircase step, Fig. 35illustrates a
further seventh step of ascending the 10staircasgé&tep, Fig. 36illustrates a further eighth step of
ascending the staircase step, and Fig. 37illustrates a simplified side view of a further em- 15bodiment
of the imppesd tebotiofd-ighe Fiol isthdisin 26 pecved robsti fedT lrenglmst €0 Heasea bhade or main

body 12. ' incl - | a [
surface of TS e 20 Kt o W AT bly B e ko2 R B 1000 17
as well as angdeoftan bherofedstmlamk 25.

5 The motor also provides feedback to the onboard control mod-
ule 45, which i1s used to indicate that the main body 12 is
touching an obstacle that is preventing the main body 12 from

advancing.

10 The tracks 19 are used for engaging the ground that is be-
neath the main body 12 for moving the main body 12 forward or
backward. The tracks 19 allow the robot 10 to manoeuvre in
uneven terrain. In certain situations, the tracks 19 have
cleats for better traction or soft plates that are connected

15 to outer surface of the tracks 19 for protecting the ground
over which the tracks 19 move.

The arms 20 is used for lifting or lowering the rear-end 23

of the main body 12. By changing the positions of the first
20 links 25 with respective to the main body 12 and by changing

the positions of the second links 26 with respective to the

first links 25, the arms 20 is able to elevate or lower the

rear-end 23. When the arms 20 support the rear-end 23 of the

main body 12, the tracks 19 can be used to lower or raise the
25 front-end 22 of the main body 12.

The arms 20 have an advantage of flexible use and yet can

have a lightweight structure.

30 The supporting wheels 38 allow the main body 12 to move when
the wheels 38 are supporting the weight of the main body 12
during certain steps of ascending an obstacle, such as a

staircase step, or of descending from the obstacle.



The moving means 16 and one arm 20 are attached to one side of the main body 12 whilst another
moving means 17 and anoth- 25 er arm 20 are attached to one side of the main body 12. Each
movement means 16 or 17 includes a continuous track 19. As better seen in Fig. 2, the continuous
tracks 19 extend from a front-end 22 to a rear-eri/23 of the main body 12. The 30 main body 12 has
track-driving pulleys, which engages with the continuous tracks 19. The track-driving pulleys are not
shown in Fig. 2. 13 Each arm 20 includes a first link 25 and a second link 26. The first link 25 is also

called an rli iIst,th d i 6is al wer link. elring to the first links 25,
they haveﬂg?eeégé\% t%%t g@iﬁﬁ% é]ggno]zna% b@gg/%rgea%n%% %yl %?dé ro(?'jlztigrr%}z}lglJ jce)?lpl g‘550_such that
the first linke@5Wa@ @ ideiuaoigdane taty rortiotabstend®nThe malesoepd Pr@so includes

a link drivi iSm osigan, the,first lin if épr a }@f i:ﬁgdylz.The
link driving%% c arﬁgg'isﬁr?;)% sﬁg\%gn‘q/ in ig.% @e%f%:%g |Ignk%%2% algghla%qéﬁsﬁeé:%n ’eHds 4. Similarly,
the sézond Gks 26 havud lilsi@nele B2ctkat attach 15 to the second ends 34 of the first links 25 by link

rotational joints 36, which enables the second links 26 to rotate freely about the link rotational joints 36.
The link driving mechanism is also used to position the second links 26 at different angles to the first
links 25. TReRetbAE eAlfis ZACSTIDINRG fRsEkREEABS SIGIH RNy SHeIstie Faltpdeddhd end 40
of the secqnd [ised hee@ PR efclaws 42, as illustrated in Fig. 1. The controller and camera box 14
includes a camera and an in- 25 ertial sensor, both of which are not shown in Fig. 1. The camera is
moveable in that it can tilt and rotate. The iner- tial sensor is positioned at centre of gravity within the

main godyThaioF G36¥€ FENTEIpOSiAE BREPTdhe MNYrdasy B7hana diganee-aieapyiing sensor 41,
as illustrated in 30Fig. 2A. o ) ) ) )
tial mode or position, as illustrated in Fig. 4. In this
mode, the arms 20 are folded or retracted. Put differently,
the first links 25 are positioned parallel to the main body
12 and has an angle of zero degrees to the main body 12. The
15 second links 26 also have an angle of zero degrees to the

Tfirst links 25.

The staircase step 52 includes a riser 54 and a tread 56 that
i1s connected to the riser 54. The riser 54 relates to a ver-

20 tical part of the staircase step 52 whilst the tread 56 re-
lates to a horizontal part of the staircase step 52.

The method includes a body front-end tilting sequence 60 or
step, which is followed by a body rear-end tilting step 62,

25 as illustrated In Fig. 27. A body positioning 63 step follows
the body rear-end tilting step 62.

In the body front-end tilting step 60, the front-end 22 of
the main body 12 is elevated above the ground 57 whilst the
30 rear-end 23 of the main body 12 remains iIn contact with the

ground 57.



14 an onboard control module 45 that is electrically connected to a communication device 46 and that
is electrically connected to a drive control module 47. The communication device 46 is
communicatively connected to a remote control module 49 5 via a wireless medium. In a generic
sense, the tracks 19 can be replaced by a row ofi®heels. 10 The first links 25 and the second links 26
do not have a track or wheel mechanism, which is an advantage as they can then have a lightweight.
This is unlike dthasinipdrbentatsheph&0contieet antacé cchdc iricio lippedtd eadb sidersf a chassis.

15 Thero canfiti x havi i 10 5_milli by 240 miim by 180
miIIimetre?.? %ﬁsis%n%ikgﬁg?%ggrol{gt tﬁ%t%%ﬁg(r%n%@ﬁgﬁ%l%? uhrr?(%%)%% agnﬁetﬁars#éve ‘laéni.'ensions of
more thantheetirstafcacticds yr Ingrabendors 4$esénseimndihgbr beending alsadid dbfect, such

as a step qf i f ing t ] ro, 0has the improved arms
20 for lowarng i Ting B e R P ers Ehcise B, 1B scd in
combmatiginana ek gaokd ed toasivdicordd ragtatesrobihen® DIsdt thé M&in2pdsuich The arms 20

can also bgyspddpclgarabs O IERGPESTE RAAHSCFFBM UBRANG FIDALE Gantrol module

49 to receive data from the robot 10 and to transmit instructions or control sighals to the robot 10 via
the commufiddsdn d8Acaasdn 10tye FRAFalAsSPsdiRseainglt b8 vandag blarkbriheation of the

main bodyghd, Jite Hhrelgige 1 8pH9!q hiks DainkRAY i Hadeupt ery/iishipesyientation 5

relates to a direction of the main body 12. The inertial sensor also detects a yaw or a deviation from

intended MdVEm ARt Eld ffaid Bal§ 125 ThEhse@heyaibnaufsdh thEANtoRBAta®En, and yaw
inforquation & neRRARH EPMrehBORHIRY Ay AS AlUpHaIFhiBFigr2 dheamaradias a field of view

50. The camera can tilt or rotate to provide images around the main body 12 in its field of view 50 for a

user of theé RHIEIHEFRe Eandbios DHSMrafed BPNEERTRAa RISt BogIEIAT sen-

sor. This i1s i1llustrated in Fig. 5.

The elevating of the front-end 22 then ceases. The tracks 19

15 later turn to move the main body 12 towards the staircase
step 52 until the front-end 22 touches the riser 54, as il-
lustrated 1In Fig. 6. The supporting wheels 38 support the
main body 12 and enable the arms 20 to move towards the
staircase step 52. The touching iIs detected by a feedback

20 from the motor that drives the track driving pulleys to move
the tracks 19.

The onboard control module 45 later causes the robot 10 to
return to the initial mode whilst its main body 12 maintains
25 i1ts tilt angle of about 45 degrees to the ground 57. For re-
turning to the initial mode, the first links 25 are posi-
tioned at an angle of zero degrees to the main body 12 whilst
the second links 26 have an angle of zero degrees with the
first links 25. This is i1llustrated in Fig. 7.
30
The tracks 19 later turn to increase the incline of the main
body 12. The incline is maintained at less than 90 degrees

and such that the main body 12 does not topple over, as il-



15 the main body 12 and a solid object that is placed in front of the robot 10. The onboard control
module 45 is equipped with programs or software for ascending an object and for descending from the
20 object. The onboard control module 45 receives sensed tilt and orientation information from the
inertial sensor and receives object distance inforb®ation from the distance-measuring sensor 41. The
onboard control module 45 uses the received information to determine drive control information, 25
which are frastméatiegl td theFdiiye Gantidienathbbedird Thermbbodrdancohutia rMéd:Hd 26 also receives

yaw informati 0 e j jal senspr ich i ed to-correc in bo e .30 The
drive con@‘r%% ulena ﬁg ués{(%%%g ?’eeééeg\?%gﬁr}ﬁ%o%%éﬁon%o&g’r.;\e?‘[e? n?éo%cﬁ fgﬁg%\?n&%rg track
driving pulgyato hsoventhEreomtinabutinackeii 0. Phelyedatversdmgrdiiefodnatiamcealso used to
adjust the [i Vi %ma# rl glﬁq 'ug% irst W a ' t t(g]&', main
body 12 ar[llﬁg ogrupfagﬁgn%ng t einéf:%hdﬁrrﬁiozi ata g}s??rgrcf alrilg*lgtir?r‘%e #ﬁfﬂﬁg 25. E?]r E% motor also
provides fdetiIRERRS tidnenbdhe Gt eHietangs, Whichasestban indiéhts tdtime tirgs body 12 is
touching ag Qbsfiafls thaids Eﬁq\/@ngﬁgnilée ﬁl})aigge\%ég fe@ym %ag@inge&lgg@g_tracks 19 are used

for engaging the ground that is beneath the main body 12 for moving the main body 12 forward or
backward. The tracks 19 allow the robot 10 to manoeuvre in uneven terrain. In certain situations, the

tracks 19 hgy eﬁ{%aEJB%b?@%{ﬁi%‘H@”ﬁFPﬁ%a?ééﬁa@r? q@nertad-le iy 0gter Sprigag Of the

tracks 19 for protecting the ground over which the tracks 19 move. The arms 20 is used for lifting or

lowering tiaar ko231 8f the haiRtsshy2 Us\Eddaddind Shaboshendothe mameo Aenelds with
respegtiveds theaafiy Sty dicarEbby, $harging dlie Peeiigna of thenzecprddipke 7§ with jespective to

the first links 25, the arms 20 is able to elevate or lower the rear-end 23. When the arms 20 support
the rear-eRPS3 B NEAHYBEAFRS, FEAMAGRSR S4£BeRRed to lower or raise the 25 front-end 22 of

the main body 12. The arms 20 have an advantage of flexible use and yet can have a lightweight
structure. 30 The_supfcg’)i':ingg wheels 38 aIIovlvﬁ%(; rigain boiy_ééto move when the wheels 38 are
supportinghtie YiGh A& PEaiR KRy O adiitcy ddXSH TS £t hakften BNed A Wch as a
staircase stép, artefdesasedisgdppraheinipdthciehe first links 25 have an angle
15 of about 100 to 120 degrees with the main body 12 whilst the
second links 26 maintain a zero degrees angle with the first
links 25. The tracks 19 do not turn with relative to the main
body 12. This i1s i1llustrated in Fig. 10. This movement posi-
tions the main body 12 for lifting the rear-end 23 of the
20 main body 12.

The second links 26 then rotates such that the angle between

the first links 25 and the second links 26 increases. This

rotation lifts up the rear-end 23 of the main body 12, as il-
25 lustrated in Fig. 11.

After this, the second links 26 continues to rotate until the

angle between the first links 25 and the second links 26

reaches approximately between 60 to 80 degrees, as illustrat-
30 ed in Fig. 12. This rotation lifts the rear-end 23 higher.

The second links 26 then cease rotating.



17 The claws 42 of the second links 26 are also used for engaging the ground during certain robot
ascending or descending sequences. The claw 42 can also be used for gripping, push- 5ing, or pulling
objects. A method of ascending a staircase step 52 using the robot 10 is described below. 10 The
robot 10 is positioned on a ground 57 and is in a@0ni- tial mode or position, as illustrated in Fig. 4. In
this mode, the arms 20 are folded or retracted. Put differently, the first links 25 are positioned parallel
to the maiff bed¥ i esandlizdan 2 giefdfeaava i gredsatbeth e foaibHead yioh2 . aleuls $6cdmal links 26

also have f zerg de the first lin staircase ste incl riser 54 and a
tread 56 th%@ iasacgéirr%eec ejg f tﬂ%ﬁzer 4, '{%%Hrsééﬁ(f%%gﬁégﬁoé?%%%zo? tﬁ@%%ﬁg(ﬁ%ﬁe hjt%olircase
step 52 whilsgthe t@adbd rékhteFold bolnghtihgat othe Farsdsd dtels 2T hetiapthiod-includes a

body front-engd-tilting u E , Whichs fal r-gad tilti 62, 25as
illustrated ﬁéglgt'q 7. iﬁ t%)m%%?o%ﬁgg §3 &%ﬁo&@ﬁ%&é%ﬂrﬁﬁ tigﬁgggeg;r%?ﬁn the body
front-&nd trttstEpesonai® froadynd 22 of the main body 12 is elevated above the ground 57 whilst
the 30 rear-end 23 of the main body 12 remains in contact with the ground 57. 18 In this tilting step
60, the onboard control module 45 controls the tracks 19 to approach the staircase step 52. When the
distance-nlébsaringeehadr 2nkeddaetib: tHdmaaee0¢ 12 19kBodt2t@miNAREES filn the

staircase sfge pfi¥fte its movement on the ground whilst they support the
main body 12. In one example of the special embodiment, the
10 second links 26 have each three more wheels whilst the fTirst
links 25 have each one or more wheels 38.

In the body positioning step 63, the main body 12 moves for-
ward over the tread 56 till the rear-end 23 of the main body

15 12 is above the tread 56 and i1t does not overhang or stick
out over the ground 57.

In this positioning step 63, the tracks 19 turn to move the
main body 12 forward and over the tread 56 as well as towards

20 the next riser. The tracks 19 stop turning when the main body
12 travels about 90% to 95% of the tread 56, as determined by
the distance-measuring sensor 41. This is illustrated in Fig.
15. The tracks 19 also turn in such a way as to adjust orien-
tation of the main body 12, as sensed by its inertial sensor.

25 The adjustment can straighten the main body 12, if the main
body 12 is slanted.

The onboard control module 45 then retracts the arms 20, as

illustrated in Fig. 16. The retraction, as illustrated in
30 Figs. 17 to 18, causes the robot 10 to return to its initial

mode. The First links 25 are rotated such that they have an

angle of zero degrees with the main body 12 whilst the second



5 onboard control module 45 rotates the first links 25 such that the main body front-end 22 elevate
from the ground 57 whilst the main body rear-end 23 remains in contact with the ground 57. The
second links 26 have an angle of zero degrees with the first links 25. The elevating of the front-end 22
10 continues until the main body 12 inclines or tiftg at about 45 degrees to the ground 57, as sensed
by the inertial sensor. This is illustrated in Fig. 5. The elevating of the front-end 22 then ceases. The
tracks 19 15 lakeyr tR60 soreowe thd aethis boldy ti2abwhinds/tHeestaireasd step B 2zemtd tioke front-end 22

touches the riser 5 il5 |ustr ip R Thg supporting wheels 38 support the main body 12 and
enable theSa'rr(%ngsézé Po% ﬁno%e%owar le thlegsq?efﬁc?s%'step 52. The touching is detected by a feedback 20

from the motor that drives the track driving pulleys to move the tracks 19. The onboard control module

45 later Capises g)poiéOH defurn, t %% @é n}_qgée \glggjﬁtpé in %szaintains 25 its tilt
angle of about 45 degrees to f%we groun% .@bf)r re- turning to thg{%w%tia mode, the first links 25 are
positidned at an angle of zero degrees to the main body 12 whilst the second links 26 have an angle of

zero degreesyih e Wt fisewndliHg ISrPBRTaiRd 1L EG FcéQeT'%etE(?C'sﬁzl%ﬁﬁwaﬂéo increase
the incline of the main body 12. The incline is maintained at less than 90 degrees and such that the
main bodyrobaded Roti®pRssyetbasliibabaystrated in Fig. 8. The onboard control module 45 also
checks the distance between the main body 12 and the object that is in front of the main body 12 using

the distance-measuring sensor 41. The increase of incline of the main body 5 12 stops when the said

distance is'@rd ARAELI® mifn e BHenRRe @ thekite atrad pefivéddn ¥ HEGSRs. In the

body tpar-gedjiting sipB 67shaeamENiAaabinenBal hasydkaisifissmuaildLis at about the
same level 10 as the front-end 22 of the main body 12. The front-end 22 is positioned over the
staircase step 52.

The method includes a body positioning step 65, which is fol-

lowed by a body rear-end tilting step 67. The body rear-end

tilting step 67 is followed by a body front-end tilting step
15 68.

In the body positioning step 65, the rear-end 23 of the main

body 12 1s positioned such that i1t stick out of the stailrcase

step 52 and 1t overhangs the ground 57. The front-end 22 of
20 the main body 12 is iIn contact with the tread 56.

This positioning is achieved by sensing the distance between
the robot 10 and an end part of the riser 54 or by sensing
the distance between the robot 10 and an end part of the

25 tread 56. In this case, this distance is about 100 to 200
millimetres. The inertia sensor also verifies that the robot
10 i1s straight in that it is essentially perpendicular to an

edge of the staircase step 52.

30 For this positioning step 65, the tracks 19 turns such that
the rear-end 23 of the main body 12 overhangs over the ground
57, as illustrated in Fig. 19



In this tilting step 62, the first links 25 rotate away from the staircase step 52 until the first links 25 have
an angle 15 of about 100 to 120 degrees with the main body 12 whilst the second links 26 maintain a
zero degrees angle with the first links 25. The tracks 19 do not turn with relative to the main body 12.
This is illustrated in Fig. 10. This movement posi#igns the main body 12 for lifting the rear-end 23 of the
20 main body 12. The second links 26 then rotates such that the angle between the first links 25 and
the second hinkh26 Iranlyasesa i tatidntlifteyus tepredr-enth23 obthe-eath RRIVIE2, as il-

25lustrateq in Fig., 1 r.this, the second li 6 ' ro ti le between the
first links %Qgﬁﬁe&gﬂ:@%‘ﬂéﬁs ?é r?a%c%%g%f&%ox\&rﬁg?e%ﬁeﬁveeen 68(5!‘1%%8? (geaér%e?é?as i%strat- 30
ed in Fig. 1@ IThibootytid2 liftenad rearendc2h ighier Wikehsddwn dtliird@d2bthen cease rotating. 20
The first links 25 afterward rotates further by about 10 to 20 degrees to lift the rear-end 23 higher, as
illustrated in Figs. 13 and 14. Following this, the first links 25 stop rotating. The first links 25 and the

secorid linkop6 thdrs sa13 pog th&eRaif bodye. Tl ashetinksmiduimena tite Seedhdiike 26 has
wheels to fagilitale AiSTHOXHHENEAN Hie 0PNz DRV S RPEhedBabhRe P hikdnse example

of the special embodiment, the 10 second links 26 have each three more wheels whilst the first links
25 have e&EH B@ bR niste atekgs OF. Eahe HiRYRRRIoKIHd stthes 3 s Tl Bls8y 42.maves for-
ward over §hq [je¢ 2fJH PR regdgene@s3 of the main body 15 12 is above the tread 56 and it does not
overhang or stick out over the ground 57. In this positioning step 63, the tracks 19 turn to move the
main body 12 forward and over the tread 56 as well as towards 20 the next riser. The tracks 19 stop

turnipg wheg¢ae MmaiRdofly ALtravuaikabout Phie Ande of Fe reat et ons dRieraitnaehiy the

distance-measuring sensor 41. This is illustrated in Fig. 15. The tracks 19 also turn in such a way as to

adjust orieRERRAbIERE AR Blly B aS&eR8Ed by HsSnéfial s&ds:. away from the
main body 12, as illustrated in Fig. 21.

The rotation continues such that the second ends 40 of the

15 second links 26 reach a joint between the riser 54 and the
ground 57 or such that the angle between the first links 25
and the second links 26 approaches or is about 225 degrees.
This 1s i1llustrated iIn Fig. 22.

20 Fig. 22 shows the second ends 40 touching the ground 57 and
being positioned nearest possible the main body 12, although
other positions are also possible. For example, the second
ends 40 can be touching the ground 57 and being positioned

furthest possible from the main body 12.

25
In one embodiment of Fig. 22, the second links 26 have wheels
to facilitate movement of the main body 12 away from the ris-
er 54. They each can have two or more such wheels whilst the
first links 25 each can have one or more wheels 38.

30

The tracks 19 then turns such that the rear-end 23 of the
main body 12 moves away from the riser 54. The second links

26 then rotate in a manner that causes the rear-end 23 of the



25 The adjustment can straighten the main body 12, if the main body 12 is slanted. The onboard
control module 45 then retracts the arms 20, as illustrated in Fig. 16. The retraction, as illustrated in 30
Figs. 17 to 18, causes the robot 10 to return to its initial mode. The first links 25 are rotated such that
they have an angle of zero degrees with the maid3ody 12 whilst the second 21 links 26 are rotated
such that they have angle of zero degrees with the first links 25. The robot 10 has now ascended the
staircase stey 52bbdymERhdobotideszandingisomtha staiecbsd siep bRaisirkfthelobofi® stdescribed

below. T 10 is,pQsitio he tr of irc t ng is ip the initia
mode as dleib%%?ébg\@ %iém%%%o%%cﬁugggga %dyﬁgﬁsaﬁ%ni%féltﬁgtﬁégwﬁ% i(é Fts)rl'llgwed by a
body rear-endaitingrstdp 531 Mhs badyaeear-pos likingrsep avay fdiloonedtihea bosg frdm-end tilting
step 1568. In the body positioning step 65, the rear-end 23 of the main body 12 is positioned such that
it stick out of the staircase step 52 and it overhangs the ground 57. The front-end 22 of 20 the main

body $2 iskf canethesharamnehe ﬁﬁvhiﬁ]pdﬁtiﬂmﬁg id &Uﬁ?ﬁéﬁtw stnsiEyahE tisanddeetween
the robot 1g;ang 2 fAPHEOLING HEGE S4R S RG hesdisianes Revesi e rapt 40 and an

end part of the 25tread 56. In this case, this distance is about 100 to 200 millimetres. The inertia

sensor alsbR@Hkfi&8enhak Ak rdisdiarbiiaryarhidi Intifat 36s aESe ARSI PeAdiEAMA t§lan Baige of the
staircase si¢Rad- 3¢ FAKAYS PPPBIRNISESIER Sy thsytracks 19 turns such that the rear-end 23 of the

main body 12 overhangs over the ground 57, as illustrated in Fig. 19
10 In the body front-end tilting step 68, the front-end 22 of
the main body 12 i1s lowered to the ground 57.

For this tilting step 68, the Tirst links 25 and the second
links 26 also rotate further and the tracks 19 such that the
15 front-end 22 of the main body 12 descend to the ground 57.
Furthermore, the first links 25 later have an angle of zero
degrees with the second links 26, as i1llustrated in Fig. 24.

After this, the robot 10 returns to i1ts initial mode. The

20 first links 25 rotate such that 1ts ends 34 move towards the
main body 12, as i1llustrated in Fig. 25. The first links 25
later forms an angle of zero degrees with the main body 12
whilst the second links 26 form an angle of zero degrees with
the first links 25, as illustrated in Fig. 26.

25

The robotic 10 has now descended from the staircase step 52.

In a generic sense, the above method steps for ascending or
descending from the staircase step 52 can be used for ascend-

30 ing or descending from other objects.

A further method of ascending from the stailrcase step 52 us-

ing the robot 10 is described below.



22 In the body rear-end tilting step 67, the rear-end 23 is tilted downwards or is lowered whilst the
front-end 22 of the main body 12 remains in contact with the tread 56. 5 For this tilting step 67, the first
links 25 rotate such that its second ends 34 are lifted up whilst the second links 26 maintain an angle
of zero degrees with the first links 25, as illustrated in Fig. 20. 10 Later, the first links 25 continues its
rotation whilst the second ends 40 of the second links 26 rotate away from the main body 12, as
illustrated in Fig. 21. The rotation continues such that the second ends 40 of the 15 second links 26

reach a joing hetween,the tiser 54 t und 57 o hatth ole between the first links 25
and the seﬁh%d%eﬁ§56%dp;p%a&%¢§ ra%gu? %2§ dég'jéejl%@(.}T t|7st igﬁs!%tjﬂna%?g.pgi 20 Fig. 22
shows thekkadnoedds 40stodelsioy thedralal/e7 and bandg ddsisdnedadarst pagsibR3he main

body 12, z‘t@gltgn tm%cp@sit_iﬂqé ?fu@t%ozgo%efg%géample, the second ends 40 can be touching

the groun and being pdsitione est possible from the main body 12. 25 In one embodiment of
Fig. 28, the second links 26 have wheels to facilitate movement of the main body 12 away from the

riser 54. They egql £aR SaVRIE F TG esHdohaals ypilgh e i fhiniis kP §aCkyea pave one or

more wheels 38. 30 The tracks 19 thenturns such that the rear-end 23 of the main body 12 moves

away fromniheesethg. Trd gbtomf itk tadi eage inteRahder thal BauddietheatahEnd 23 of the
23 main bqehrde- iR #§8FENdRS 1BHBEHGE Inbigr Ad1 The Al dnks 2prisldl 1B6+€FoYd lipke 26 rotate

such that the link rotational joints 36 are positioned away from the riser 54. 5 In another example,

which is ndtifsdemtd® ik theapREodeirthm ISt 5@ aR sd@PthksTIecdt ackSolkie such that

the lirg rotpiieed jeinimB6 e Pesidarediowati Nsierd pbamMaydiRm ibe jiserts ak) imthe body
front-end tilting step 68, the front-end 22 of the main body 12 is lowered to the ground 57._For this
tilting step BT 5 86t ANYES ARddRE 686N ik Id urbrat&ad rdAnEdShd #R-trdd& #'such that

the 15 frordenpd? gbthegpaicedvts? ¢RscaiftPithe aiagne 57. Furthermore, the first links 25 later
have an angle of zero degrees with the second links 26, as illustrated in Fig. 24.

The arms 20 later unfold. The fTirst links 25 rotate away from

15 the riser 54 whilst the second links 26 also rotate away from
the riser 54, as i1llustrated i1in Fig. 31. The rotation of the
first links 25 and the second links 26 also change a position
of a centre of the gravity of the first links 25 and the sec-
ond links 26.

20
The first links 25 and the second links 26 rotate away from
the riser 54 until the position and the weight of the first
links 25 and the second links 26 causes the main body 12 to
shift or to tilt further upwards, as illustrated in Fig. 32,

25 until ends of the second links 26 contact with the ground 57.
Put differently, the shifting of the position of the first
links 25 and the second links 26 allows the weight of the
first links 25 and the second links to move a centre of grav-
ity of the first links 25 and the second links 26 to generate

30 a turning moment for the main body 12. This turning moment
causes the main body 12 to rotate or tilt about an axis of
the main body that passed through a surface area of the main
body 12 that contacts with the ground 57. The tilting stops



After this, the robot 10 returns to its initial mode. The 20 first links 25 rotate such that its ends 34 move
towards the main body 12, as illustrated in Fig. 25. The first links 25 later forms an angle of zero
degrees with the main body 12 whilst the second links 26 form an angle of zero degrees with the first
links 25, as illustrated in Fig. 26. 25 The robotic 28 has now descended from the staircase step 52.

In a generic sense, the above method steps for ascending or descending from the staircase step 52
can be usedém asoesd-Boangecaedcdrdikg fia6n tthec lobge cthe 24 Mdiendbb710 Bugoslidred on a
ground 57 IS jny an inigial ' ahov llu ig Fi In this mode, the
arms 20 ar;:?é}g?cae{(rj] g’Tr?eH%is 9&%@%2%23%%5 gnggnral% %%%ﬁamgiﬁ)}g%y%é; %(é%mfiﬂn%bé_the height of
the staircage®tep 52. Using the height information, the onboard control module 45 then controls the
tracks 19 to approach the staircase step 52. The tracks 19 10 later climb the riser 54 until the main
body 12 is at an incline of about 45 degrees, as illustrated in Fig. 30. The inertial sensor detects the
inclin® angl&.MEhechang Pogdatef ukfied prsd fikennikF 2 hetafd sty honks52he @igdr $hevhilst the

second linkg 26 A5 RIS hLeMLINeLReEREags IPUAIRFLINITE: %\1-&%%%&?%‘?6 first links
25 and the second links 26 also change a position Of a centre of the gravity of the first links 25 and the
second linkd B&ipg THagirsEMks2eahd thelsdctalatinke 20iadid away from the riser 54 until the
position and the weight of the first links 25 and the second links 26 causes the main body 12 to shift or
to tilt further upwards, as illustrated in Fig. 32, 25 until ends of the second links 26 contact with the

ground 57AB&EdERARly, #esritihgesd tRapBsierf e FRYaskdowand tkBQekdS€links 26 allows

the weight=f the §rsf lipks epapedhersecend lisks torRwveareanti alarayiy ghthedist links 25 and
the second links 26 to generate 30 a turning moment for the main body 12. This turning moment

causes thSREANHod\ R5%0 2651l 8P1iIF abeteart axib b thd il 88Hy 87t Fse@%nbligh a surface
area of they main-bedyi 13 ihatiepntants At thRaound-b7thbe kg €ops 23 higher, as

illustrated in Fig. 35. Ends of the second links 26 contact
the ground 57 at an area or a point that is far or furthest
15 from the riser 54.

During the lifting of the rear end 23, the tracks 19 may turn
to bring the front-end 22 further over the tread 56 and away
from the riser 54. The first links 25 and the second links 26

20 afterward turn to fold the arms 20, as i1llustrated in Fig.
36.

A different embodiment of the robot 10 of Fig. 1 is possible.
Fig. 37 shows one possible embodiment of the robot 10. Fig.

25 37 depicts a robot 70, which includes above described parts
of the robot 10 of Fig. 2.

The second links 26 of the robot 70 has the second ends 40,
which have supporting wheels 39. Other ends 112 of the second
30 links 26 also have supporting wheels 110, as illustrated in
Fig. 37. The supporting wheels 39, 110, or both 39 and 110
allow the main body 12 to move when the wheels 39, 110, or

both 39 and 110 are supporting the weight of the main body



25 when this the second links 26 touches the ground 57. Put differently, the ground 57 stops the
second links 26 from moving. 5 This changing of the position of the first links 25 and the second links
26 has an advantage of allowing a simple way of tilting the main body 12 upright or upward. After this,
the tilted main body 12 moves toward the riser 1264, as illustrated in Fig. 33. The first links 25 and the
second links 26 then rotate to lift the rear end 23, as illustrated in Fig. 34 and then lift the rear end 23
higher, as dlusiate cartig.l85 . segsoitheassceond lings 26 colosa e graunchs At an area or a point

that is far gr fucthest 15f he riser 24. Duri lifti the rea he tracks 19 may turn to
bring the f%)ﬁ%—%&%gzs}fu%%%ébvé? th%?:rlé]a%§ é%’ﬁ%?nzgvﬁ @@m gerélggg?z% € first links 25 and the

second links 26 20 afterward turn to fold the arms 20, as illustrated in Fig. 36. A different embodiment

of the robolt Ooﬁgl\,%ﬂ%ﬁﬁ(%mg%'gw 3§§89W§e%805|5i R %b?%ggﬁélggge ﬁbr%}g. Fig. 25 37

depicts a robot V s above escribed parts of the robo e second links 26
of theSrobaTopestihesetofd ks d3U ot ovifae Rdvd aiksp sraMggite| 9B thehey ePididl1 216 the

second 304inkebral50, DR SHPRRTOS WRSRIS 4d00a% lIpFHRIOSENHHE. Fyo RerSyRRAKting wheels
39, 110, or both 39 and 110 allow the main body 12 to move when the wheels 39, 110, or both 39 and

110 are subpesirieebinsighheethe REintols e thrintidestkirl $lss23 daending sProbstacle,
such as a RYEaSE SIS 8i Al IFFRRIFING oM ibe.Ah56e HAONE PlempniRlipe. §aph second link

26 has three or more 5 sup ortl%wheels 39 to facilitate movement on the ground. In another
implement@@6%ihg a8Rd ink DR ErgryhesbingeshiredmPRnatr II@hFsiand fifQ link 25 has

one Qomo%iumtiﬁg,m%ésgh{hq@rmﬁ@ hasnthpee or more supporting wheels. The freewheeling
wheels 39 are light and do 10 not add much weight to the arm 20.
The first link 25 i1s connected to a motor 100 for rotating
the first link 25 about the link rotational joint 78. A motor
arrow 102 indicates one possible direction of rotation of the
15 motor 100. The motor 100 can rotate the first link 25 iIn a
clockwise direction as well as i1n an anti-clockwise direc-
tion. Similarly, the second link 26 is connected to motors
104 and 105 for rotating the second link 26 about the link
rotational joint 36. Motor arrows 107 and 109 indicate possi-
20 Dble directions of rotation of the motors 104 and 105 respec-
tively. The motors 104 and 105 can rotate the second link 26
in a clockwise direction as well as in an anti-clockwise di-

rection.

25 The tracks 19 are connected to and are driven by wheels 72,
as shown in Fig. 37. In a special case, the robot 70 does not
have the tracks 19 and have just the wheels 72. Moreover, the
controller and camera box 14 has a tilt sensor 74, as shown
in Fig. 37. The main body 12 has an inertia sensor 103. In

30 certain implementations, the inertia sensor 103 includes the

tilt sensor 74.



The first link 25 is connected to a motor 100 for rotating the first link 25 about the link rotational joint
78. A motor arrow 102 indicates one possible direction of rotation of the 15 motor 100. The motor 100
can rotate the first link 25 in a clockwise direction as well as in an anti-clockwise direction. Similarly,
the second link 26 is connected to motors 104 a@d 105 for rotating the second link 26 about the link
rotational joint 36. Motor arrows 107 and 109 indicate possi- 20 ble directions of rotation of the motors
104 and 164 téspeghivdigeThboveode A apd 105 caonrbéatiasheiseborsptiad 6 i fiyclockwise
direction lag i apti-clockwise direction. 25 The t q%:i:, re ected-tq and are driven by
wheels 72? Q/\sieéh%?véliﬂ%gﬂ%gcﬁ)r? aéé%%eré%%??é}%,%ge irfﬁ)noit 8%2‘@ ﬁot%%%&éeth%édqrgtcﬁi(% 19 and have
just the wHeeth M2nisrduver nbeebytmpiievact ogmeld bsttdtesna OIf s€hsorfox,esestwn in Fig.
37. The mai inerig se, 0 certain | i enfati the inertia sensor 103
includes thBei]t#:csgja%]b;@r%%%E%Altﬁg%h t %(/aébo%\-/%g escr%%%%@ﬁ %s?ntp%ecﬁ%ﬁgﬁ this should
not bé&corse0Es ashpnildg tetsbspeconstaigtodisreed Bldyicasy biovidihgdlddiition of the
foreseeable eyphodipepts. T, aRRYRAREDATHLFES Olhespiadin SyBeUFisiould not be
construed esggmally as limiting the scope of the embodiments but'merely to explain possible
achievemé 8 KaMenertshdd etibe dinsms EPehueiRePINRIRESTALE, tAH EchpEdf @Embodiments
should be gletermine By the,glaisps gad dfeitREUiAlSHS Faes thabhy heexprdPripastven. 28

Reference 10robot 12main body 514controller and camera box 16moving means 17moving means
19track Dby the claims and their equivalents, rather than by the exam-

10 ples given.



20arm 1022front-end 23rear-end 25first link 26second link 28first end 1530body rotational joint 32first
end 34second end 36link rotational joint 38supporting wheel 2039supporting wheel 40second end
41front sensor 42claw 450nboard control module 2546communication device 47drive control module
49remote control module 28

Reference

10 robot
12 main body

5 14 controller and camera box
16 moving means

17 moving means

19 track
20 arm
10 22 front-end

23 rear-end
25 first link
26 second link
28 fTirst end
15 30 body rotational joint
32  first end
34 second end
36 link rotational joint
38 supporting wheel
20 39 supporting wheel
40 second end
41 front sensor
42 claw
45  onboard control module
25 46 communication device
47 drive control module
49 remote control module
50 field of view

52 step
30 54 riser

56 tread

57 ground

60 step



50field of view 52step 3054riser 56tread 57ground 60step 62step 63step 65step 67step 568step

70robot 72wheels 74tilt sensor 103 inertial sensor 10100 motor 100 102 motor 104 motor
29

62 step
63 step
65 step
67 step

5 68 step
70 robot
72 wheels

74  tilt sensor

103 inertial sensor
10 100 motor 100

102 motor

104 motor

105 motor

107 motor arrow
15 109 motor arrow

110 wheel

112 end



105 motor 107 motor arrow 15109 motor arrow 110 wheel 112 end 30 CLAIMS 1.A robotic structure
(12, 16, 17, 20) comprising a main body (12) with a left main moving means (16) 5being provided at a
left side of the main body (12) and with a right main moving means (17) being provided at a right side
of the main body (12), the left and right main mo8ihig means (16, 17) being adapted to contact a
ground surface area (57) on which the robotic structure 10(12, 16, 17, 20) is intended to move, and
with at leaSLdid&rm unit (20) that comprises the following elements: an upper branch member (25)
being attached to the main body (12) via an upper joint (30) and be- ing rotatable about the upper joint
(30) via an up- 15per actuator (104, 105), a lower branch member (26), a proximal end of the
lower branth meibep (RE) beimtatiadhacetotha upher biahch2®pndwngzdsiiag lower joint (36) and

being rotatable about ths '%%HOBM?P)(‘B)%‘ %H%Weéa‘ité@{f’%&% )moving means (16)
5 being provided at a left side of the main body (12) and
with a right main moving means (17) being provided at a
right side of the main body (12), the left and right
main moving means (16, 17) being adapted to contact a
ground surface area (57) on which the robotic structure

10 (12, 16, 17, 20) i1s intended to move, and with at least
one arm unit (20) that comprises the following elements:

- an upper branch member (25) being attached to
the main body (12) via an upper joint (30) and be-
ing rotatable about the upper joint (30) via an up-

15 per actuator (104, 105),

- a lower branch member (26), a proximal end of
the lower branch member (26) being attached to the
upper branch member (25) via a lower joint (36) and
being rotatable about the lower joint (36) via a
20 lower actuator (100 ),

wherein the upper branch member (25) further com-
prises an auxiliary moving means (38), the auxilia-
ry moving means (38) being adapted to contact the
ground surface area (57),

25 wherein the main body (12) and the arm unit (20) are
provided such that in a climbing position of the robotic
structure (12, 16, 17, 20), the main body (12) is sup-
portable by a distal tip (40) of the lower branch member
(26) and by at least one of the left main moving means

30 (16) and the right main moving means (17),
wherein the auxiliary moving means comprises at least
one freewheeling wheel (38) and/or the auxiliary moving

means comprises a track (19).



wherein the upper branch member (25) further comprises an auxiliary moving means (38), the auxiliary
moving means (38) being adapted to contact the ground surface area (57), 25wherein the main body
(12) and the arm unit (20) are provided such that in a climbing position of the robotic structure (12, 16,
17, 20), the main body (12) is supportable by a ddtal tip (40) of the lower branch member (26) and by
at least one of the left main moving means 30(16) and the right main moving means (17), wherein the
auxiliary moving means comprises at least one freewheeling wheel (38) and/or the auxiliary moving
means corgprises,a {r . otjc structure , 7. 20) gf claim 1, rein a position
and a Weigr;gft of t%e lﬁ@éegr%r%)ngﬁrﬁgrﬁggrg (ZtQ Eahdﬁlﬁé Iéﬁér]b‘z}%icﬁ%rgg%%iﬁ{&) a\/lylj %‘r%é\r}lﬁed such
that 5 an orientatiopostenoairabod\a( 12 i hiterabletby shiftperthensusitormenthe pO2b branch

member (25) and I rr ( r i structur , L7.-20) im1or 2,
10wherein two ar?aqﬁni%sw %20@%Er@\%ﬁgﬁa@t@rﬁ?ug%%%)%%ng Ee?é%/ﬁ?é% at% &éeﬁ%}"s and a
right &m unit (20pBeRbigotatien ted righesitia bn thomai(bady iB2)alsarabbdoby structure (12,
16, 17, 20) of onesﬂfiqlﬁiﬂl@ 1483 igiedhe mairtmoﬂ%g}ea@péﬁ@hlpe%gprii%g set of wheels

(72). 20 5. A robotic structure (12, 16, 17, 20) of one of claims 1 to 3, wherein the main moving means
(16, 17) comprise¥ sl trhBR (1®wese I rsheiiceelbrife (28)16, 17, 20) of one of claims 1

3. A robotic structure (12, 16, 17, 20) of claim 1 or 2,
10 wherein
two arm units (20) are provided, a left arm unit (20)
being provided at the left side and a right arm unit
(20) being provided at the right side of the main body

(12).
15
4. A robotic structure (12, 16, 17, 20) of one of claims 1
to 3, wherein
the main moving means (16, 17) comprises a set of wheels
(72).
20

5. A robotic structure (12, 16, 17, 20) of one of claims 1
to 3, wherein

the main moving means (16, 17) comprises a track (19).

25 6. A robotic structure (12, 16, 17, 20) of one of claims 1
to 5, wherein
a tip area of the lower branch member (26) comprises a

frictional surface.

30 7. A robotic structure (12, 16, 17, 20) of one of claims 1
to 6 further comprising
a sensor (41) for determining a distance between the
main body (12) and an object (52).



to 5, wherein a tip area of the lower branch member (26) comprises a frictional surface. 307.A robotic
structure (12, 16, 17, 20) of one of claims 1 to 6 further comprising a sensor (41) for determining a
distance between the main body (12) and an object (52). 32 8.A robotic structure (12, 16, 17, 20) of
one of claims 1 to 7 further comprising ar@Pertial sensor (74) for sensing a spatial orienta- 5tion
of the main body (12). 9.A robotic structure (12, 16, 17, 20) of one of claims 1 to 8 further comprising
a camera (14) for providing images of an object (52) in 10the vicinity of the main body (12).

8. A robotic structure (12, 16, 17, 20) of one of claims 1
to 7 further comprising
an inertial sensor (74) for sensing a spatial orienta-
5 tion of the main body (12).

9. A robotic structure (12, 16, 17, 20) of one of claims 1
to 8 further comprising
a camera (14) for providing images of an object (52) in
10 the vicinity of the main body (12).



