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FIGURE 1

(57) Abstract: An example system includes a vehicle, a robot,
and a controller. The vehicle may include an accelerator oper-
ator and a steering operator. The robot may include as accel-
erator actuator configured to operate the accelerator operator,
and a steering actuator configured to operate- the steering op-
erator. The controller is configured to: in response to an ac-
celerator command, send a first signal to the accelerator actu-
ator to operate the accelerator operator of the vehicle, and in
response to a steering command, send a second, signal to the
steering actuator to steer the vehicle.
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ROBOT AND ROBOT CONTROL SYSTEM

CROSS REFERENCE TO RELATED APPLICATION
{R01] The present apphcation claums priovity to LS. Provisional patent apphication nomber
£2/248 445, filed on October 30, 2015, and entitled “Robotic Rider Steering Mechaniam™ and
U8, Provisional patent application munber 627245564, filed oun October 23, 2013, and
entitled “Robot and Robot Coutrol Svstem,” bath of which are hevein incorporated by

refercnce as if fully set forth n dus deseription.

BACKGROUND
{8002] Velucles include mudiiple svstenis such as propulsion, steering, braking, ete. Before s
vehicle is mass produced, prototype vebicles are tosted 1o assess porformance of the vehicke
For instancs road fests are conducted to assess vehicle speod, manewverabihiy,
responstveness, ¢ic. During testing, data is acquired o evaluate performance of the vehicle.

Vehicle design may then be changed or tmed to tmprove performance.

{6083 Recent advances in automatic control systonss and technology has led to. designing
test vehicles configured to be operated automatically to perfory the tests. However, these
new control systomis ave integrated into new vehicles and might not be adaptable for use with
existing vehicles,

{8004} The present disclosure deseribes embodiments that relaie to & robot and robot controd

sysiom,

{083] In one aspect, the present disclosure deseribes & robot configared 1o drive a vehicle
The robot inctedes: (1) an accelerator sotuator configured to operate an accelerator operator of
the vehicle; (i1} an arm configured to steer the vehicle; (1) an actuator coupled to the arm via
a Hnky and (V) o controller. The controlier s configured 1o, In response to an accelerator
command, send a first signal 1o the accelerator actuator o operate the accelerator operator.
The controller is ako configurad to, i response 1o a steering comumand, send a second signal
to the actuator, therehy causing the sctuator to apply a particular torque to the luk so as to
steer the vehicle.

{0006] In another aspect, the prosent disclosure describes a system.  The svstom inchudes a
vehicle,  The vehicle includes ay accelerator operator and a steering openttor. The systam

also includes a robot. The robot includes: (i) an accelerator actuator coupled to the
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aceelerator operator of the vehacle and configawed to oporate the accelerator operator, and (1)

a steering actuator coupled o the steering operator of the vehicle and configured o operate

¥

the steering operator. The system also includes at least one outngger coupled to the vehiele
or the vobot and configured to be i either an wndeployed state or a deploved state, where in
the deploved state, the outrigger i configored o engage # surface when the velucke is at 8
predetermined lean angle o laterally stabilize the vehicle, The svstem further inchades an
outrigger sctuator configured to switch the outrigger from the undeployed state to the
deploved state. The systom firther inchudes & controller configured tor (1) in response to an
secelerator conmnand, send a first signal 1o the accelerator actuator to operate the accelerator
operater of the vehicle, (1) n responss (o & steering command, send a second signal to the
a third sigmal to actuate the outrigger actuator so as to switch the outrigger from the

undeployed state to the deploved state to aterally stalnlize the velucle.

{0067] In another aspect, the presont disclosure desenibes a svstern. The system includes a
velicle.  The vebicle includes an accelerator operator and a steering operator.  The svstem
also includes a robot. The robot includes: {i} an accelorator actuator coupled 1o the
accelerator operator of the vehicle and configured to opetate the secclerator operator, and (i)
a steoring acheator coupled to the steering operator of the vehicle and configured to operate
the stesring operator. The system further includes a controlier configured to: {1} in rosponse
to s geeclorator comvnand, send a first signal to the accclerator actuator to operate the
accelerator operator of the vehicle, and (1) bn response W a steering command, send a second

stgnal to the steering actuator fo steer the velucle.

{80088] in still ancther aspeet, the present discloswre deseribes a steering systen The steering
systemy mclades a vobot. The robot nclades: (1) a first s and 2 second arm, and (1) an
sctuator coupled to the Brst arm via g fest Hidk and coupled o the second arm via a second
link, The steering sysion also inchudes a vebigle, The vehucle includes:; a handlebar. The
fivet avm 15 coupled 10 a first ¢nd of the handlehay and the sccond wm s coupled 105 second
end of the handliebar, such that position of the actuator detenmings an angle of the handlebar,

therehy dotormining corresponding steerning angle of the vehicle.

{009 The foregoing suhwnary 18 tlostrative only and s not fntended o be in any way
{hmiting. In addiion o the Hostrative aspects, enthodiments, and features deserthed above,
further aspects, embodinments, and featwes will become apparent by reference to the figures

and the following detailed description,

2
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BRIEF DESCRIPTION OF THE FIGURES

{0018] Figure | dlustrates 3 porspective view of a robot, m accordance with an exanple
mplementation.

J011] Figure 2 ithastrates a side view of a robot niding a motoreyele, i accordanve with ap
example implementation.

{0812 Figure 34 illustrates a schomatic diagran: showing a configuration of a robot control
systen, in accordance with an example tmplementation.

{013] Frouwre 3B dlusivates zoomed-n side view of a left foot and a left leg of a robot, in
accordance with an example nplementation,

{0814} Figwre 44 sflustrates a front view of & motoreyele showing left and right outriggers, in
accordance with an example mplementation.

{R15] Fimre 4B Hlustrates a schematic diagram of a left ostigeer, i accordance with an
example mplementation.

{0016] Figure 4C Hustrates an altcmnative configuranion of an outrigger, o accordance with
an example implersentation.

{8817 Freure 4D dhistrates a perspective view of the outtigger shown i Figure 40 it a
undeployed siate, in accordance with an example implementation.

{0818} Figwe 4E sdhustrates a perspective view of the ostrigger shoven m Figwre 4C In g
deployed state, 1n accordance with an exanple impletientation,

{8019 Figure 4F llustrates 8 perspective view of a robot and & wotoreyele showing
mounting of a right outrigger to the motoreycle, m aocordance with an cxample
implementation.

{8020] Figure 4G illustrates @ zoomed-in view of the outrigger shown in Figure 4F, in
secordmiee with an example implementation,

{8021 Figure 4H iHusrates a pucwmatic cirant showmy operation of outriggers under
various sceparios, in accordancs with an example iaplementation.

{0221 Figure SA illustrates a perspective view of a steering mechanisny, in sccordance with

an example maplementation.

s
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{08231 Figure 3B illustratos g topview of the sicoring mechanism shown n Figrs SA, m

accordance with an example implementation.

{0024] Figure 6A tllustrates a twisted siring actuator, i accordmuce with an exanple

implementation.

{0028] Figwre 6B illustrates a close-up, ouwtaway view of cloments of the twisted string

actuator shown in Figwre 64, in accordance with an example implementation.

{0026} Figure 7 illustrates a block diagram of 3 robot control systern, in accordance with an

example implementation.

{0027] Figure 8A 15 a diagram tHustrating timing of shift-up, in accordance with an example

implementation.

{8028} Figure 8B is a dagram illustrating toung of shiftedown, in sccordance with an

example implomentation.

{029] Figure @ ilustrates @ tinung chart at @ beginning of excouting a shaft conmmand, in

accordance with an example inplesientation,

{0038] Figure 10 s o timing chart tlustrating shifting up, 1o accordance with an example

implementation,

{08311 Figure 1 is a timing chart ilustrating shifting down, 1 accordance with an exanple

implementation.

{6032] Figmwre 12 tlhustrates o block disgram of an alternative robot control system, in

sccordunce with an example muplomentation.
DETAILED DESCRIPTION

{#0833] The following detatled doseription deseribes various featyres and functions of the
disclosed systomns and mcthods with referonce to the sccompanying figares. The ilustrative
system and method cmbodiments deseribed horeln are not meant to be limiting. It may be
readily wnderstood that cortain aspects of the disclosed systems and methods can be arvanged
and combined 0 a wide vaviety of different configurations, all of which are contemplated

herem,
{0034] Fuvther, unless context suggests otherwise, the features iHustrated nocach of the

figures may be used in combination with one another. Thus, the figures should be generally
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viewoed as component aspeots of ohe or more oversll implomentations, with the wnderstanding

that not all ilustrated features are necessary for cach implementation.

{0035] Addwonally, any cnumeration of clements, blocks, o steps 1o this specification or the
claims i for purposes of clarity. Thug, such snumeration should not be interpreted to require
or umply that these clements, blocks, or steps adhere to a particular avangoment or are carried
out i a particalar order,

{8036] By the term “substantially™ it is weant that the recited chavacteristic, parameter, or
value teed not be achioved exactly, but that deviations or variations, mcluding for example,
tolerances, meanwement eredr, measurement accuracy Hmitations and other factors known to
skill dn the art, wmay occur o aowousts that do not preclude the offvct the cluwacioristic was

intended to provide.

i Ohverview

{0037 Vehieles can be tested in several ways o evaluate their performance. For example, g
human driver can duve a vehicle while data acquisition sysiens ave connected o various
vehicle systems to record semsor data while the deiver oporates the vehicle.  The dnver
himself may alzo be monmttored to evaluate driving aspects sach as comfort, body accrleration
and movaments while mansuvering the vehicle, extent of motion winle the vehicle is passing
over a bump, efe.  In this example, sensors could be coupled to a body of the driver and
cameras or other image-captare devices could be used to take images and videos of the driver

for later ovaluation,

{838] In another example, to reduce the burden of monitoring the huwman driver, 8 robot may
tide along with the homan driver 1 the vehicle, and the robot may be equipped with sensors
and cameras vonfigured fo monttor the mpna driver. In another example, mstead of & human
driver, the vebicle may inclode autonomous control systems configured 1o operate the vehicle
daring testing.  These systoms muay be beneficial in conducting destructive tests, for example,
o avord any hkelihood of ijuring o humaa driver, However, in this example, dats associsted
with pontioring and evaluating the driver (comfort, body scecloration, oie.) is not svatlable.

{839 In another example, as disclosed borein, & robot configured to nunuc human behavior
may be configured to mount the veluele and drive i during vehicle tests, In thus mauner,
vehicle performance 1s tested and at the same time the robot, which is equipped with multiple

sensor systems, is selfomondtoring. Dats from the robot’s sonsor systemss can later be
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acguired and evaluated. Algo, using a roboet to drive the vehicle is beneficial in avoiding

mjuries to humat ditvars.

{0048] Further, another advantage of using such a bunoan~-mimicking robot 1s avoiding costly
modification to the vehicle. Simtlar to g human driver, the robot may be configined
operate existing vehicle systcins such as accelorator podal, beskes, steering wheel with hittle
or no modification to these systems. A further advantage of using such a human-susscking
robot is o automate transportation with hittle or no modification to the vehicle. A vehicle
could be a mobile machine that can be used {0 transport a person, people, or cargo. Any
vehicle discussed herein can be driven and/or othgrwise guided along a path on kand, in water,

olrwater, or in the aiy or ouler space.

{041] Disclosed herein are a robot, robot control systems, and vehicle systoms and
apparatuses that coable opuorating a vebicle by a huoss-mimicking mobot.  The robot is
adaptable to drive a velicle, and the robot may inchude components and actuators that enable
the robot to mimic & huma dover

it

Example Rabiot and Vehicle

{00421 Figuwre 1 ihustratos a perspective view of a robot 100, m accordance with an example
toplementation.  The robot 100 is a humanoid or huma-mimicking robot and may be
configrred ag a nider of a velicle, In the description presented herem a motoreyele is used as

an example vehicle, bat the robot HXbmay be configured to ride other vehicle types.

{0843] The robot 100 15 shown in Figwre 1 i a dniving position of a motoreyele. The robot
10 mchades a mamn body 102, left leg 104, night leg 106, left foot 108, right foot 110, keft
arne 112, right arm 114, feft hand 116, right hand 114, and a head 120, The main body 102 i
adapted fo confirm to a drivaer's seat of o motorevele as shown and described below with
respect 1o Figwee 2. The left and right legs 104 and 106, the Teft and right arms 112 and 134,

and the head 128 are connected to the mam body 132,

{00dd] Figure 7 dlhustrates, @ side view of the robof 100 riding 2 motoroycle 200, in
accordance with an example truplementation. The motoreycle 200 incloades & rear wheel 202,
a front wheel 204, and a vehicle body 206, An engine 208 s mounted fo or within the vehicle
hody 206 and is configured o power the motoreyele 2000 A fuel tank 210 s mounted above
the engine 208, and o driver’s seat 212 is disposed at a rear end of the fuel tank 214,

{0045] Froure 3A illustrates a schonwtic dagram showing a configuration of a robot contrpl

systene 30, 10 accordance with an example implomentation.  As shown in Figare 34, the

’

6
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robot 108 neludos a body frame 302 disposed weithin the main body 102 shown in Figeres 1
and 2. A controf wnit 304 and a bastery 306 are mounted o the body frame 302, The battery
306 provides clectric power to various systems of the robot 100 such gs the control wut 304,

RENSOES, efe.

{8346] The motmeyele 200 mehides & handlebar 308 configweed to operate as steering
member for the mototeyele 200, The handiebar 308 15 rotatable around » steering shaft 310
By pivoting the handlebar 308 left and right about the steering shaft 310, the front wheel 204
of the motorevele 200 is rotated to the left and right. A position sensor 312 is mounted to the
handicbar 308 or the steering shaft 310, In other examples, the position sensor 312 could be
matinted on a stoering actuator 322 instead of on the handichar 308 or the steering shaft 310
The posttion sensor 312 1s configured to detect a steering angle of the handlebar 308, and
provide @ detection signal indicating the steering angle of the handichar 308 1o the control

anft 304,

{80477 An accelerator 314 15 attached to the handicbar 308. The accelerator 314 includes an
aceclerator grip that is rotatable by the right hand 18 of the robot 1M} to vary 3 throttle
opening of the engine 208, The motorcyele 200 also mcludes a feft grip 316 wounted on the
feft side of the handlebar 308, and the left hand 116 of the robot 100 s configured 1o gnip the
leftgrip 310,

{0048] As shown in Figure 34, the robot 10 has an aceclerator actuator 318 mounted of
coupled to the right hand 118, The aceclerator actuator 318 way include, for example, an
clectric nwotor configured to operate the accelerator 314 based on a first driving signal input
front the control unit 304, For instance, in response to the first driving signal, the accelerator
actustor 318 may be configured to rotate the accelerator 314 in a clockwise direction or s

counter-clockwise direstion.

{0049] Rotating the accelerator 314 i one ducction abowt o longuudinal axis of ihe
aecelerator grip may covrespond to opening the dwottle of the engine 208, whereas rotating
the gecelerator 314 the other direction may correspond to closing the throttle of the engine
208, or vice versa.  Thus, in response to rolating the accolerator 314 in a dircction
corresponding to opeping the theotile, rotational speed of the engine 208 inergases, and
rosponse o rofating the acoclorator 314 m a direction comvespomding to closing the throttle,

rotational speed of the engine 208 decreases. I oo sipnal iy provided to the scoclerator

|
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adhuator 318, the seoclersion 314 rotans to 2 nowtral state that comresponds to a fully closed

position of the throttle.

{0030] The accelerator actuator 31N includes a position sensor 320 configured to deteat
rodational posttion of the accelerator 314, and ovtput a detcction signal indicating the
rotational posttion of the aceelerator 314 to the control anit 304, The control unit 304 may
thus use this signal 1o ibplement a closed-loop feedback control of the rotational position of

the accelerator 314, and thus the speed of the motoreyele HKL

{0851 The right hond 118 15 attached to a distal end of the right arm H4 and the feft hand
6 i attached o a distal end of the left arm 1120 The feft and right arms 112 and 114 are
vonnected 1o the body frame 302 via the steoring actuator 322 {eg, a rotmy actuator 308
deseribed below). The steering actuator 322 may melude, for example, an electric motor
configured 1o rofate the loft and right arms 112 and 114 1o the loft and vight divectioms and

apply a torque thereto in respomse to a second driving signal inpat from the control wnit 304,

{00521 By rotating the loft and right arms 112 and 114 to pivot to the Joft, the handichar 308
15 urned to the left, sad the notoroyele 200 turns to the left. By rotating the left and right
arnw 112 and 114 to pivet to the right, the handlchar 308 is tumed to the right, and the

motoreyele 2060 turns to the night

{0053} The steoring actuator 322 may inchade a torque sensor 334, The torque sensor 324
nwy be configured to detect a tovgue applicd to the loft and night avms 112 and 114 and ougput
a detection sigonal indivating the torgue spplied o the feft and right arms 112 and 114 foothe
control it 304 The control unit 304 sy then use dus signal to implement a closedloop
foedback control of the steering actuator 322 such that the steering actuator 322 applies &
particular torqus to the arms 112 and 114, and thus controls the steering angle or the lean
angle of the motoreyele 200, An cxample steering mechanism and conirol system ave

described below with respeet 1o Figures SA-SB,

{0034} The robot 100 may further include a first brake actustor 326 coupled 1o a fiest iake
operator 328 of the motoveyele 208, For instance, the first brake operator 328 may be a brake
fever dhsposed in frout of the sceelortor 314, The fivst brake actuator 336 may wclude, for

xample, an glectrie motor coupled to the right arm 14 However, other actaator types could

&
be used sueh as hydraudic or pnoumatic cyvlinders,

{8055] In an cxample, the first brake actuator 326 could be comrected to the first brake

operator 328 through a ink momber 330, The link mermber 334 may mchude 3 wie or stving
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{e.g., the twisted string 606 described below with respect to Figures 6A-6B) attached to the
first brake operator 328, The first brake actuator 326 may be configured to operate the first
brake operator 328 i respouse to a third drrving signal input from the control unit 304
Particularly, the frst brake actoator 336 may move the first hrake operator 338 in a braking
dirgction {e.g., inward toward the robot 100} or 2 non-braking divection {e.g., outward away

from the robot 100} in response to the third driving signal input from the comtrol unit 304,

{0056] When the frst brake operastor 328 1 moved in the braking direction, the braking force
apphiod by ot beakes of the motoreyele 200 is mcrsased. When the first brake operator 324
i moved i the non-braking direction, the braking foree applied by the fromt brakes is

rechiced.

{057] Farther, the first brake actuator 326 may inclede a torque seasor 332, The tmgue
sensen 332 may be configred to detect a torque applied to a first uske operator 328 and
outpat a detection signal to the control unit 304, Based on the torque dotection signal from
the torque sensor 332, the control unit 304 provides a signal 1o 8 wechanism integrated into
the right hand 118 of the robot 100 and configured to move or apply the front bvakes. Inan
example, the higher the torque spplied to the first brake operator 338, the higher the braking

force to be applied by the front brakes snd viee versa

{0058] As shown in Figure 3A, the left foot HIR 15 attached to a distal end of the left feg 104
Particularly, the left foot 108 may be rotatably momnted to the feft Jog 104 around a pivat or
ankle 334, Alockimg member 336 i coupled o a tip of the left foot 108 and is configared o
enpage a tansmission gear shift operator 338 of the motoreyele 2000 The shift operator 338
may, for example, be configured as a shift pedal. The locking member 336 is configured to
move the shift operator 338 between a shift-down position and a shaft-up position o change

Soars Of fransimission ratios of a transnission {e.g., & gearbox) coupled to the engine 208,

{0059] Figure 3B iHlustrates zoomed-in side view of the left foot 108 and the left leg 1040 in
accovdance with an example implementation.  As shown in Figore 3B, the locking member
336 has a recoss 31 The Jocking member 336 1% arranged such that the operator 338 is

sandwiched hy or within the recess 340

{B068] As showw'in Figwres 3A-38, therobot 100 inchudes a shnftactoator 347 voupled 1o the
foft fog 104, The shill actuator 342 15 also coupled to the shift operator 338 via the left feot
108, and is configured to operate the shift operator 338 based on a fourth drive signal input

from the contrel umit 304, The shift actuator 342 could be, for oxample, a hwdraulic or
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pacunatic gyvlinder. As the actuator extonds and rotracts, the left foot 108 rotates about the
ankie 334, In another example, the shuft actuator 342 sy include an clectrie lincar motor, In
another example, the shift actuator 342 may be coupled to the {oft foot 108 via a link member
343 shown i Figure 3A. The hink member 343 may tuchsde a wire or string (.3, the twisted
string 606 desoribed below with respect to Figures 6A-68) attached to the left foot 108 such
that the shift acteator 342 could move the left foot 108 via the link member 3430 Any other

sctuation mechanisn could be used.

{0061 As aw exanple for ustration, if the shift acteator 342 retracts, the shift operator 338
rotates vounter-clockwise from a perspective of a viewer of Figures 3A-3B (ie., the shift
operator 338 v depressed downwardly) by the deft foor 108, Ag aresult, the transmission
shifts down, 1o, shifte to o gear with 2 higher gear ratio. On the other hand, if the shift
actuator 342 extends, the shift operator 338 rotates clockwise (Lo, morves upward} by the left
foot 108, thus causing the fransmission to shift up, i.e., shift to a gear with s smaller pear ratio.
However, the operation dircction of the shift operator 338 for shafting up and shifting down is

not hntited to these directions.

{0062] As tliustented 1 Figare 34, the shift actuator 342 may include a position sensor 344
contfigured to deteet position of the shift operator 338 or the shift sctuator 342, The position
sensew 344 outputs a deteetion signal indicating the position of the shift operator 338 to the
contred wmt 304, The control wt 384 may use this signal to control the position of the shaft

operstor 338, and thus control the transmission ratio at which the motoroyele 200 operates.

{0863] The robot 100 also has 3 clutch actuator 346, The cluteh actuator 346 is comncnted to
a clutch operator 348 of the motoreyele 200, The clutch operator 348 could include a chutch
lever arvanged in fromt of the left grip 316, The cluich actuator 346 could inchude, for
example, an eleetric motor mownted on the feft arm 12 of the vobot 100, The clusch actuator
346 may be connected o the clutch operator 348 tdwough a Hok mewber 356, The hnk
member 350 could be, for example, a wire o string {c.g., the twisted string 606 described
below with respeet to Figiwres 6A-68) attached to the ¢lutch operator 348, Other sctuation
mechanisnis are possible,

{64} The chateh actustor 346 15 configured to operate the cluteh operator 348 based on &
fifth driving signal ioput from the control unit 304, Specifically: the clotch achuator 346
moves the cluich operator 348 1o a clutch disengagement or engagement position based on

the fifth driving signal input from the control unit 304,

10
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{0065] When the cluich oporator 348 is moved to the dischgagoment posttion {eg., pulled
mward toward the robot 100}, the clutch of the transnussion i3 disengaged. When the clutch
operator 348 is moved 1o the engagement position {e.g., released away from the robot 100},
the clutch of the transmission is engaged. Porther, when the cloteh operator 348 is between o
fully engaged position and a fully disengaged position, the clateh is in a partially engaged

sfate.

{0666 In cxamples, the chach actuator 346 may have g position sensor 352 configured to
detect the operating position of the clutch operator 348, The position sensoy 352 i
configured to output a detection signal indicating the position of the clutch operater 348 to
the control unit 304, The control ubit 304 1y wse this signal o control the position of the
chuch operator 348, and thas control the cagagement and disengagement of the transaission

ciutch.

{8667} As shown in Figure 34, the right foot 110 15 coupled 1o the disted end of the vight leg
106, Specifically, the right foot 1148 18 rotatably coupled to the vight leg 106 and s configured
o pivot about an ankde 354 The night foot 10 I configured 1o operate & second brake
operator 3536 {e.g., rear-brake pedaly of the motoreyele 200, Specifically, the robot 100 may
have a second brake sctuator 358 that is coupled to the right leg 106 and 15 confipwred w

operate the scoond brake operator 336 via the right foot 114,

{0068] The second brake sctuator 338 could be, for example, a bydraulic ov poowmatic
evlimder. As the cyvlinder extends and retracts, the night foot 110 rotates about the ankle 354,
In another example, the second brake actuator 358 mayv nclude an electvic lincar motor. In
another example, the second brake actuator 338 may be coupled to the night foot 110 via g
tink menther 339, The hink member 359 may mclude a wive or strng {e.g., the twisted stiing
646 described below with respeet to Figures €A-6B) attached to the vight fhot 110 sach that
the second brake actuator 338 could move the right foot 110 via the link member 359, Any

other sctuation mechanissy could be gsed.

{8669] The sccond brake actuatr 338 may be configured to operate the sccond brake
operator 356 in response to 3 sixth doving stgnal input from the control wit 304, For
example, if the sixth driving signal is a conmsad to actuate the rear brakes of the motoreyele
280, the second brake actuator 358 may, i response 1o the conunand, push the sccond brake
operator 336 downward fo gpply, or inorsase, a braking force to the rear wheel 202, The

second brake actuator 358 may then release the second brake operator 356 to pull it npward

i



WO 2017/070426 PCT/US2016/058039

mnd release the rear beakes.  The braking and releasing directions micationed. here g

examples for tustration and could be reversed.

{0078] The second brake actusior 358 may include a torque sensor 360 contigured to provide
to the contral wnit 304 sensor information indicative of a totque applied o the second brake
operator 336 via the second brake actuator 358, The higher the torque applied to the second

hrake operator 386, the larger the braking force applied to the rear brakes.

{8671] Reforring fo Figore 3B, the rear portion of the body frame 32 mnclades 4 seating
member 362, The scating member 362 18 attached to the driver’s seat 212 by, for example,
bolis or other fasteners, The stating member 362 may be configured to sccommodate forees
applicd w the robot 100 dae, for example, to vibration of air rexistance or the hike to kegp the
robot 100 seated while operating the motoroyele 200, In this manaer, the rebot 100 may be
capable of accurately operating the motorevels 200 based on commands o signals from the
control unit 3064, Additionally or slternatively, the robot 100 may romain seated and resist
disturbanee forces by holding ou the motoreyele 23 via the Teft and right hands 116 and 118,

amd the left and right legs 1M and 106,

{80721 Roferring back to Figure 34, the robot 100 may include an imapging device 364, The
imaging devies 364 could be, for example, & camers, a Light Detection And Ranging
{LIDAR) device, n Radio Detection And Ranging (RADAR) device, ov any type of wnaging

devices, o a combination thereof,

{8873 in cxamples, the imagmng devier 364 may be mounied o the hoad 120 of fhe robot
I In other examples, the imaging device 364 may be coupled to the motoreyele 200, The
imaging device 364 is configured to capture buages of, and generate image data represcoting,
an environment of the robot 100 and the motorcyele 200, The imaging device 364 outputs
the gencrated mmage dada to the control unit 3834 o enable the contral wuit 304 to control the

robot 100 anddor the motoveyele 200 accordingly.

{0074 In examples, the control untt 304 mayv transmit the image date to a remote comtrol
deviee. A lnunan operator may be operating the robot 100 and the motoroyele 200 via the
remote. control device, and the human operator may thus have access 1o tosges of the
swrrounding environment of the robot 1 and the motoreyele 208, The tmage daty may
enable the human operator o operate the robot 100 and the motoreyele 200 in a safe and

scourate mamer.  Alternatively, the imaging device 364 may be in direct wireless
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compmication with the romote control device and may be configared to transnut the tmage

data directly to the remote vontrel devies,

{0075 The robot 100 may include a roll angle sensor 366, The roll angle sensor 366 may, for
cxample, be coupled to the main body 102 of the robot 160, However, the roll angle senxor
366 may be coupled to other parts of the robet 100 sach as the head 120, Alternatively, the

rof angle sonsor 366 miay be coupled to the motarcyele 200,

{8076] The roll angle sensor 366 may mclude, for example, an inertial measorement unit
{IMUY configured to dotect leftand right roll angles of the motoreyele 2000 Altenanvely, the
roll angle sensor 366 may include other types of sensors (e, optical seusors) that are
vonfigased to dotect the roll angles.  The roll angle sensor 306 48 configed 0 oulp &

detection signal mdicating the roll angle of the motoreyele 200 to the control wnt 304,

{8077 The robot 100 may further inclode-an amtenia 368 that may, for example, be coupled
to the main body 182 of the robot 100. However, the antenna 368 may be attached to other
parts of the robot 100 such as the bead 120, Altornatively, the antonna 368 may be attached
to the motoreyele 200, The antenna 368 may be configured to recsive operating signals frony
the above-mentioned remote control device, as deseribed below with regpect to Figure 7. The
autepna 368 may be configored to provide the opersting stgnals o the control eait 304,
Further, the control unit 304 may transmit nfornation {c.¢., commands, sensor information,

ete.) to the remiote control device via the antenna 368,

{8878] As shown in Finee 34, the control vnit 304 viay mclede a maln controller 370, The
mamn controller 370 may, for example, inclode a processor {e.¢., & goneral purpose processor
of & special purpose processor such s a digital signal processor, & graphics processor, o an
application specific briegrated eivoxat processor).. The progessor can be configured © execute
computer-readable program tnstructionss.  The pricessor van be confinwed to exceute hard-
coded functionality i addition to or as an altemative 1o software-coded functionadity. The
processor can be progranumed to perform any function or combination of functions described

herpin as being performed by the main controliar 370 o the control umit 304,

{0879] The control unit 304 may further include o memory o any type of data storage deviee
storivg program instractions that, when executsd by the nain controller 370, cnable the robot
1466 andfor the motoreyele 200 to operate as desoribed herein, The data storage device could
inchade a non~transitory conputer-readable medivm, a transitory computer-readable medium,

or both a pop-transitory computer-readable medim and & transitory compaterreadable

e
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medion. In one réspost, a non-iransitery computer-réadable medium-could be integrated n
whole or m pant with the main controlier 370, In another respect, 3 non-trausifory computer-
readable medium, or a portion thereof, could be separate and distinet fron: the main controlier

370

{H880] A non-transtfory compater-readable miedium could include, for example, a volatilz or
na-volatife storage composient, such as an aptical, magnetic, organic or other siemory or
disc storage. Addittonally or altermatively, @ nov-transitory computer-readable medim could
inchude, for example, 2 randomeaccess memory (RAM), a read-only memory (ROM), a
progranumable readronly memory (PROM), an erasable programmable read-only momanry
{EPROM), an clectrically erasable programmable readeondy memory (EEPROMS, a compact
disk read-only memory (CD-ROM), or another memory device that is configured to provide

data or computer readable program mstructions to the main controfler 370,

{8081] The control wut 304 may Ruther mclede actuator control modules configured to
operate various actuators of the robot 100 and the wotoreyele 200, For mstance, the control
anit 304 mayv mclade: ane aceoclerator module 372 configured 1o control the accelerator
actustor 318, 8 first brake module 374 configured to control the first brake actuator 326, &
sceonyd brake wodule 376 configured to control the second (rear) brake setuator 338, &
steering module 378 configured fo control the sicering actuator 322, a chiich module 382
configured to control the clutch actuator 346, a shifter module 382 configured to control the
shift actostor 342, and an outrigger wodule 384 configured to control cutrigger actuators

described below.  The control vt 304 and these actuator control modules are described

below with respect to Flgure 7
LR
{8082 Fimre 4A iHlustrates a front view of the motarcyele 200 showing outrigpers 400 and

402, m accordance with an example implementation.  As mentioned above, the motoreyele
200 is wsed hercin as an example for Hustration.  The outriggers 400 and 402 described

below could by used with any other type of vehicle that is lateraily unstable when stopped.

{0083} As shown in Figure A, the left outigger 400 has a first supporting member 404, a
second supporting member 406, and a deploviment ov expansion member 408, Tips or distal
ends of the first supporting member 404, the second supporting moember 406, and the

expansion roember 408 are connected 1o each other by a pad 410,
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{0884 Similacdy, the night outvigger 403 has and a fist supporiing membar 412, 2 second
supporting member 414, and a deplovment or expausion member 416, Tips or distal ends of
the frst support member 412, the second supporting member 414, and the expansion member
416 are comnected to each other by a pad 418, Proximal ends of the supporting members
4464-406 and the expansion member 408 are rotatably coupled to the motorovele at respective

pivoss as shown and described below with respect to Figure 4B.

pete

{0685] As shown in Figure 2, the ouiriggers 402 {and also the outnigger 400 not shown
Figure 2) ave i an undeploved, .., retracted state, and thus they are arranged along the sides
of the vehicle body 206, In other examples, the outrigger 402 could be aranged wadernsath
the motoreycle 200 while m the undeployed state.  The outmigger 402 could be arvanged in
other positions or configurations i the wndeployed state such that it does not impede leaning
of the motoreyele 200, In this undeployed state, the pad 418 1s located above the bottom of
the vehicle body 206, As shown in Figure 44, the outriggers 400 and 402 are in a deploved
state, and thas they are widened in the lnteral direction of the motorevele 200, In this
deploved state, the ground pads 418 and 418 are disposed below the bottom of the vehicle
body 206, Particularly, in a state where the motoreyele 200 is upright in the vertical direction
as shown in Figure 44, the pads 410 angd 418 do not contact the ground swrface {GR), but are
mstcad set at a particular height above the ground suweface (GR). In thes way, the oulniggers
400 and 402 can be deployed oven if the moetorcycle 200 is tilted slightly to the loft or right

dircction with respect o the vertical dircetion,

{8086} However, if the motorcyele 200 1 tlted by s predetormmned angle with respoct to the
vertioal disection, one of the leftand right pads 410 and 418 comgs in contact with the grownd
surface {(GR}).  The outrigger in vontact with the ground surface {GR} can support the
motoreycle 00 soas to laterally stabibize the motoreyele 200 and prevent 1t from falling.

{0087] Figure 4B iHustrates 2 schematic dingran of the loft outrigger 400, 10 accordance with
s example implementation.  As shown schematically w Figure 4B, the first supporting
menther 404 i3 rotatably conplod 1o the motorevele at a pivor 420, the sceond supporting
member 406 {5 rotatably coupled to the motoreycle at a pivot 422, and the expansion member

408 15 rotatably coupled to the motoroycle at g pivot 424,

{8088] An vulnigger actuator 426 is coupled to, and condigred to operate, the outrigger K3

The cutnigper actuator 426 could be, for exanyple, a hydraulic cyhnder, an clecnic lingar

motor, or @ pueumatic ovhoder among other possible acheator types.  Partieulwdy, the

P
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cutrigger setuator 426 may- be coupled to the first supporting membor 404, but could be

coupled to other members or parts of the outrigger 400 1n other example implomentations.

{0089 The cutnigger actuator 426 may aperate the outrigger 400 based on a seventh diving
signal tnpat from the control unit 304, For mstance, i the seventh driving signal from the
gontrol wnit 304 5 a comumand to actuate the catrigger 400, the outrigper actuator 426 may
receive the signal and respansively move the outiigger 400 from the undeploved state 1o the

deployed state.

{0098 In an example, the outrigger I may be based by a blasing member 428 (e, 2
spring} coupled to the expansion member 308, The biasing member 428 may be configured
to bias the outnigger 400 toward the-deploved states A himiting o holding swember 430 may
couple the outrigger actuator 426 to the oulrigger 400 {e.g., to the fiust supporting member
404) and tway be configured to bold the outrigger 400 i the undeployed state against the

biasing force of the biasing mewmber 425,

gor actuator 426 Is triggered, the holding momber 434 15 released, and

!
b=y ror

{0094 Whea the outrig
the biasing force of the bising wmember 428 pushes the outnigger 00 dowanward, thas
switching the ootrigger 408 from the undeploved state to the deploved state. The night

sutrigger 402 may be configured to operate similar to the left outrigger 400,

{00892} Figuwre 4C lustrates an altemative configuration of the outrigger 400, in accordance
with an example implementation.  In Frgore 4C, the expansion member 408 inclodes 8 firgt
expansion-hink 432, a scoond oxpansiom ok 434, and a prvot 436, The biasing member 428
applics a biasing force that tends to bias the second expansion bnk 434 awgy from the first
expansion link 432, When the outrigger actuator 436 15 triggered and the holding member
430 1s released, the biasing membey 428 pushes the scoond expansion link 434, which pivots
about the pivot 436 placing the outrigger 400 i the deployved state. By pushing down on the
pivot 436 in a divection of avvow 438, the holding member 430 is connected again with the
outrigger gotuator 426 as the expansion member 40R folds and the outrigger 0 switches

back from the deployed state to the undeploved state.

{0093 Figure 4D iHustiates @ peorspective view of the outtigger 400 of Fygure 4C in an
undeploved state, and Fieure 4B Hustrates a perspective view of the vatriguer 400 of Figure
4C in a deploved state, i accovdance with an cxample mplomentstion.  As shown in Flgure
4D, the holding member 430 takes the form of a wire loop that comnects the oulrigger

actuator 426 10 the first supporting member 404 of the outrigger 400, A wire loop is used
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horemn as an example, and othor techumiques could beused to tmplément the oporation of the

holding member 430,

{0094 The expansion member 408 includes a deplovment atch 440, The second expansion
link 434 has a cam profile 442 configred to hold the deplovment lateh 440 wm an open
position when the outrigger 400 15 in the wndeploved state shown in Figure 4B, The biasing
member 428 takes the farm of o torsion spring and a Hneor spring thut could be embedded
within structural members of the outrigger 408 {e g, within the second expansion Huk 434).
These springs are configured 1o apply o force and moment that tends & force the second
expansin Hink 434 away from the first expansion Hak 432, However, the wive loop 430
prevents the second expansion hink 434 from rotating abotit the pivot 436 and keeps the

outrigger 400 in the undeployed state,

{0095] When the outrigger actuator 426 13 triggeved {e.g., & proumatic eylinder is retracted),
the wire loop 438 15 released, and the bissing member 428 pushes the first and second
expansion links 432 and 434 away from each other. Thus, the first and second expansion
hinks 432 and 434 rotate relative to cach other about the pivot 436 and the outrigper 40
switches to the deployed state shown i Figure 4B As illustrated i Figure 4E, the
deployment latch 440 closes, thus locking the sceond expansion fink 434, and the first and
scoond sypporting members 464 and 406, 1o the expanded position.. The oulnigger 4K is tas
deploved. The outrigger 402 may include sivular components and operate stmilar to the

outrigger 400,

{0096] Figure 4F ilustrates a perspective view of the robot 100 and the motoreyele 200
showing mmuting the outrigger 402 1o the motorevele 200, and Figure 4G iflustrates g
zoomed-in view of the oatrigger 402 a3 shown s Figure 4F m accordance with an example
implementation. As shown m Figares 4F and 43, the outrigger 402, and specifically, the fiss
supporting member 412, may be reounted near o rear end of the motoveyele 200 by wav of s
swing arm 444 at a pivol 446, The sccond supporting meniber 414 may be rotatably coupled
tos the motoreyele 200 a3t a pivel 448, The outrigger 400 ot shovwn it Figwes 4F-4G may be

sunilarly mounted to the motareyele 200,

{097] Although Figures 4F and 40 lustrate the outrigger 402 coupled to the motoreyele
200, in other example Implomentations the outriggers 400 and 402 could be coupled o the

robot 10U instead.  For cxample, the supporting mowbers 412 and 414 and the expansion

member 416 could be coupled to the right foot 110 of the robot 100.
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{0098] Several condittons may oad 1o deployment of the outrigecrs 406402, For example,
thir robot 100 and the motoroyele 200 mmy be controlied ramotely by a romote vontred devics
operated by a human,  The remote conttrol device may have 3 button or a sinular user
mterface dtem that, when pressed or selected. sends a sigmal to the control wmit 304
conunanding the motorevele 200 to deploy the outriggers 400-402.  In response, the control
witit 304 may send a signal to one or more of the outrigger actustors {e.g., the outrigger

sciuator 426} to deploy the culriggers.

{8099 In anothor example, 10 the case of any type of cmergency, the remots control deview
may have an emergensy hutton that, when pressed or selecied, an sinergeney signal is sent to
the control wit 304 to deploy the outriggers 400-402.  In another example, if the control unit
304 detects that a speed of the motoreycle 2003 16 less than a theeshold speed (eig., 3 miles per
hour) that 1s msudficiont to maintain the motoreyele 200 balanced, the contrel unit 304 may
determine that such low speed indicates an emergency and deploys the outriggers 400-402 for

safety reasons.

{80108 Figare 4H 1Hlustrates a preumatic ciramt 454 showing operation of the outriggess
430-402 under various scenarios, in accordance with an example tnplenientation.  Although
the circuit 450 represents a phowmatic systemy, o hydraulic system or other actuation
mechamsim could be used nstead.  Covpponents of the cirast 438 may be coupled to the

motoreyele 200 or the robot 108 or both.

{80181] The omouit 450 mchuades a il valve 437 that when opened, allows compressed air
to fill an air tank 434 that operates as a sowrce of pressurized fluid (1., pressurized air of gas
m this case). A dial gaoge 456 may visually indicate pressure level of the pressurized gas in
the tank 454, and a pressure transducer 458 may be configured to provide & signal o the

contred unit MM indicating the pressare lovel,

001021 A fivst valve 460 s disposed n a fivst fhad path 462 between the tank 454 and sy
cylinders 464 and 470 The cvlinder 484 may ropresent an oufrigrer actustor {o.g., the
outrigger actuator 426) that when triggered, causes the corresponding outrigger {e.g., the
outrigger 400 to deploy. The eylinder 470 may he the ouripger actuator carresponding to
the other outnigger {2, the ocutrigger 402} Sinularly, a second valve 466 is disposed 1n a
seeond fhuid path 468 between the tank 454 and the cyvlinders 464 and 470,

{00183} In an example, the first valve 460 may be a novmally-closed valve that is electrically

oporated by s solenoid. Thas, the valve 468 blocks the fivst fluid path 462 from the tank 454
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to the evlinders 464 and 470 until an cleotric signal s received from the control unit 304 te

actuate the valve 460 and allow pressurized fluid to flow o the cylinders 464 and 470

{00104] Also, m an cxample, the sccond valve 466 may be a vormally-open. vabve that is
cleetrically operated by a solenoid, Thus, the valve 466 remaims open uniil an cleetric signal
is received from the control wnit 384 to close the valve 466, which results in blocking the
second fluid path 468 1o the cylinders 464 and 470, 1 a sigoal s continuously provided to
the solenoid of the valve 466, the valve 466 ramains closed, thus blocking the second Fwd
path 468 tothe cvlinders 464 and 474,

[00105] In an example operation of the circuit 450, the control unit 304 continuously
provides a sigaal to the valve 466 so as 1o place the valve 466 111 & closed state and block the
second fluid path 468, Howeover, in an omergeney situation or when the speed of the
motoreyele drops below a threshold speed, power or the signad 1o the valve 466 may be cut-
off. As arvesult, the valve 466 switches o its normaliy-open state allowing pressurized fhud

i flow through a check valve 472 o the oylinders 464 and 470, thas causing the outriggers to

deploy.

{0106] Substantially simultancousty, pressurized Huid also flows 10 a rear brake actuator
474 mowded o the robot 100 (slse Hlustrated 1 Figure 4G5, The rear brake actustor 474
may be configured to override the second brake actuator 358 of the motorevele 200 and apply
the rear brakes when power is cut off from the valve 466, Specifically, the rear brake actuator
474 may wchude g gvhinder sinnlar to the ovlinders 464 and 47600 When pressurized fhud
flows to the cyhinder of the sctuator 474, the evlinder may reiract, thus causing the right foot

110 to press the sccond brake operator 336,

{07} In a non-omergency situation, Lo., during normal operation, the control wait 304
may recetve 3 command from, for example, a remote control device, requesting deployment
of the outriggers 400-412.  In another example, the contrel wnit 304 wmay awtorsatically
determine to deploy the outriggers. In these examples, the control unit 304 may send a signal
to the valve 460, which s nonaallv-closed, to actuate the valve 460 and switch # from the
closed state to an open state. As a result, pressurized fluid is allowed to flow through the first

fluid path 467 to the evlinders 464 and 470 to deplay the cutriggers 400-402,

{00108] The cicult 4530 may include a release valve 476 that s configured o release oxcoss

gas to the atmoesphere 1o reduce pressure in the pucumatic systent.

1V, Example Steering Mechanism

19
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{08189 The robot 100 has feeo armns 112 and 114 that may grip handles of the handlebar 30&
of the motorcvele 200 so as to steer the motoreyele 2000 {n some examples, cach of the twe
armis 112 and 114 may be controlied by a corvesponding actuator mechanism.  In alternative
examples, the steering system uses an actuator wechanism configured to control both arms
112 and 114, as disclosed berein.  The steering system disclosed herein forther uses
lighteeight componenss and a fowsor number of actuators @ reduce weight and cnable the
robot 100 1o mimic o human rider more scowately and provide more accurate feedback of

dynanucs of the motoreyele 200,

{00118] Figure 3A iHlustrates & porspective view of a steering mechanism 500, and Figwre 38
Hustrates g top view of the steering mechauisnt S0, in accordance with an example
unplementation. The steermg mechanism 500 tachudes the arms 112 and 114 of the robet 160
and left and nght handlobars 502 and S04 composing the handlebar 308 of the mwitorcycle
204, The handicbars 301 and 504 awe coupled to each other at, and are configured to rotate

with respect (0, a pivot S86,

{80111} As shownin Figures SA-3B, 3 single rotary getuator 508 is wsed fo control rotgtional
angles of both handlebars 302 and 504 with respect to the pivot 306, The rotary sctuator 508
corresponds o the steering actuator 332 mentioned above with respect to Figwre 3A. The
rotary actuator 308 is connected o coupled to the left anm 112 via a first fink 510, and

conneeted or couplod to the right avm 114 via a sopend hink 512,

{80112] As dlastrated 1y Figure 3B, the second hak 313, the arm 114, aud the handlebar 504
form a four-bar mechanism,  In this four-bar mechanism, virtual bar 514 and virtual bar 516
are paraliel and equal in length, and similarly, virtual bar 318 and virtual bar 520 are paratic!
and equal i length. Asimilay fowr-bay mechanism exists for the left side of the robot 100 and
i not shown in Figee 5B to redace visual clutter in the drawing.  The two four-bar
mechanisims arg symmetric with respect 1o csch other, e.g., svameiric about a virtual Hne
connecting a center of the rotary actustor 508 and a center of the pivot 306,

{80113} In an exmuple, the geometry of Hokages of the four-bar mechanisin (e, geometry
of the Hnk 312, the st 114, and the handichar 504) v such that thereis a 1 ratto betwern s
rotaty sngle of the rotary actugtor 508 and respective angles of the handlebars 502 and 504
with respect to the pivot 306, Thus, a b ratio exists bobween the rotary angle of the rotary

sctuator SO¥ and a steering angle of the motorcyele 200,
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{08114] This configuration pormits the stoering torque load on the handlebars 562 and 304 to
be shared betwesn both sets of Hinkages of the four-bar mechanisms while still allowing free
mevement of the handlebars 502 and S04, Farther, the 111 ratto sinplifics steering control as

the steering angle is the same as the angle of the rotary actuator,

{HILIS] Ap advantage of controlling steering with the two avms 112 and 114 over using one
grm is that the toad on the handlebars 302 and 504 is balanced. A onc-aumed steoring systam
would expericoce a net foree of torque over an arm, whereas the two-arm sieorng system
may expericnce no additional net foree while furning beenuse the loads on the anms 12 and
114 cancel each other. Thus, as a result of using the stecring system $00, the force that
supporis the steering rotary actuator 308 can be lower, and therefore a hghter supporting

structure can be used,

{86116} Further, the steering mechausm 300 can acconunadate horfzontal displacements of
the rotary actuator SO8 or manefacturing misalignmentsdinacegracies in positioning the rotary
actuator 508 with respect (o an axis 522 (shown i Figwre SA) of the pivot 506, Thig
accompodation resalts from spatial constrainty placed. on the rotaty actuator S48 by the
tkages of the above mentioned four-bar mechanisms,  As such, manufacturing cost of the
components of the steering systent 500 may be reduced beeause high precision manufactuning

cost is shleviated.

{00117} In an example, standard planar pin jomnts may be located at vertices of the four-bar
aiochantams {eg., vortices of the four-bar mechamsm ihustinted by the viruad bars 314320
m Figure SBY Additionally, a passive rotational degree of freedom about an axis along the
length of the arms 112 and 114 may be included.  This could be achicved with g rotary
bearing located at the end of the forearm before the wast.  For mistimce, the votary bearings
gould be placed at koations 524 and 5326 shown t Figare 3A.  This allows. for some
nusalignment of the components without the sctuator steering mechamism S00 binding under

motion.

{80118] Further, in exanyples, each of the anms 12 and 114 nay inchude a Hnear force sensor.
The linesr force sensors may be placed in various locations. For instance, the lingar foree
sensors may be placed along a length of forcarms 328 and 530 shown in Figure 54,

{00119} The overall foree applied to the handicbars 502 and 304 may be determined by the
difference between force measuremients obtined by the two lingar foree sensors. Fot

example, if the overall force is zere, thon no tongue s being applicd o the handlobars 302 and
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304 by the steering mechanism 381 In examples; to acouraiely compute torque from the
linear force sensors, angles at the wrists may be taken into consideration and rotary position

sensors may added at the locations 324 and 526 to deternuine these angles.

{88126] In an example, atorgue sensor 332 may be mounted to the rolary actuator MK o
provide redundant torque sensing. The torque sensor 332 corresponds & the torque sensor
324 weationed above with respest to Figure 3A. Fuosaher, angalar position seasots may be
mounied to the rotary goiuator 308 andfor the pivot 306 to provide redundant rotary position

Sensing.

{00121 In operation, the steering mechanism 300 may recove position and torque
vopnnands from the control wait 304, The control wnit 304 may tnehude & dyvnamie model of
the motoreyele 200 and recoive mputs from the sensors coupled o the robot 100 and the
motareyale 200, For instance, the controd wut 304 may receive sensor infornapion mdicative
of veloeity: lean angle, heading of the motorevele 200, and the status of the various actuators.
Based on this information, the countrol unit 364 may determine outputs or commands to the
actuators that operate the motorovele 206 o control throttle, chutchy, shifter; stevring eic. and
keep the motoreyele 200 moving at the desired velooity and trajectory. The stecring
mechanism SH0 may receive a torque sud rotary position o stecrmg angle input comnand
from the control usit 304, and the rotary actuster 0¥ accordingly rotates to achieve the

commanded forque and steering angle

{801221 Although the wplementation shown i Figares SASE mcludes a rotary actuatos,
other types of actuators could be used. For cxample, a lnear actuator, such ax a hydraudic
oylinder, & pneumatic eylinder, or an electric Hnecar motor, could be used instead. A first end
of the Hnear achuator could be coupled to the fivat hoak 510 and a second of the linear actuator
could be coupled to the sevond Hnk 512, In this configuration, 3 lincar position of the lincar
schuator {o.g., hncar position of a piston within a hydranlic cylinder) determines the angles
that the fivst handichar 302 and the second handichar 504 make relative to the pivot 506 and

thue the steering angle.

{08123} Further, although the configuration shown in Figures 5A and 5B meludes g
handlebar divided nto two handlebars 302 and 304 coupled via the pivot 5306, in other
examples, a single undivided handlebar could be used. The left arm 112 would be coupled o
a first end of the handicbar and the right arm 114 would be coupled to 3 second end of the

handichsr. In this case, the fivst Huk §10, the feft avme 112, and a portion of the handlebar
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form the first four-har mechanism, whoreas the sécond link 312, the right avm 114, and
another portion of the handlebar form the second four-bar mechanisim,
Y, Example Twisted String Actuators

{80124] As mentioned above, the Hok members 330, 343, 334, and 359 could he twisted
strings,  These twisted strings change thelr length and apply a force when twisted by 2
corresponding actuator, Le., the actuators 326, 342, 346, and 353, vespeetively. This section
of the diselosure deseribes components and operation of an example twisted string actuator

that mcludes 3 rotary sctuator and @ twisted string coupled thureto

JIAS] Figure 6A llustrates a twisted siving actuator {T5A} 600, and Figure 6B illustrales a
close-up, vutaway view of clements of the TSA 600, in accordance with sn exwmple
troplementation. The TSA 600 inchides an actuator head 602, a transnussion tube 604, and a
pwisted string 606, The twisted string 606 could represent any of the hink members 330, 343,

350, or 3539, for example.

{00126] A first end 608 of the twisted string 606 is npidly connected o o plate 610 such that
both torques and forees transmitted through the twisted string 606 are transmitied o the plate
610, The plate 610 could represent any of the operators 32¥, 338, 348, or 356 mentioned
above. Thus, forces through and changes in lengih of the twisted string 606 induced by
operation of a corresponding actuator 326, 342, 346, or 358 may result in application of force

tor s motion of the operators 328, 338 348, or 356,

{R127] A sccond end 612 (shown in Figure 6B) of the twisted string 606, is attached to a
rotor or other component of the actuator head 602, In this manney, forces travamitted throagh

the twisted string 606 are transmitted betwesn the plate 610 and the actuator head 602,

{00128] The TSA 600 can be operated to produce a foree andfor mduce a displacement
between the actuator head 602 and the plate 610 by applying a torque and/or rotation to the
second end 612 of the twisted string 606, This force andfor displacement could cause a
corresponding operator to move andfor to apply a force andior torque.  Additionally or
altermatively, the TSA 600 could be actuated to redoce a foree between the actuator bead 602
and the plate 6180 by reducing, removing, or otherwise changing a torque applied to the

second end 617 of the twisted string 606,
{86129] The transnmssion tube 604 15 illustrated as a single, stratght, vigd whe; however,

other examples, the fransnussion ube 604 pould be carved, serpenting, or have some other

shape. Additionally or aliernatively, the transmission tube 604 could be flexble. In some

I
e
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examples, the transunssion tube 664 could withstand longitudinal forees while-allowing the
transmission tubc 604 to be bent, for example, around a joint that flexes during operation of
the TSA 600, That is, the ansmission tube 604 and the twisted string 606 partiafly contgined
therein could be configured analogousiy to the onter bousimg and tnner cable, respectively, of

a Bosvden cable.

{00130] Further, the ransmission tube 604 could be configured o be adjustable, such that
properties of the TSA 800 are adjustable.  For example, the transnaission tube 604 could
imchide fockable andfor actunted telescoping cloments such that the overall length of the
transinission tube 604 (ic, the length between the actuator head 602 and the end of the
trausmission tube 604 from wiuch the twisted string 506 emerges) could be changed andior
controtled fo control a range-of-motion, a transmission ratio, or some other property of the
TSA 600,

{80131] As shown in Figure 68, the TSA 6006 inchudes a housing 614 that contains part of
the wansnussion tube 88, part of the twisted string 606 (ncluding first and second strands
8063 and 6O6bY, a load cell and encoder 616, a thrust bearing 618, a transmission block 620, 3

ship cluteh 632, sad a motor 634,

{81321 The housing 614, the wransmission tube 604, the load cell and encoder 616, stator
cleroents of the thrust bearing 618, and stator cloments of the motw 624 are ngidly
mechanicatly coupled. The sccond end 612 of the twisted string 606, the transmission block
620, and a first end of the shp claich 822 ave vigidly wechameally conneted. A steond end

of the stip clitch 622 and rotor cloments of the motor 624 are rigidly connected,

{8133] The motor 624 could be operated to generate a torgue between the hodsing 614 and
the second end of the ship clutch 6220 This torque eoudd be transmitted through the ship chateh
622 and the transmission block 630 fo the rwisted string 606, resulting m the TSA 600
applying a torque andior force between the actuator bead 602 and the plate 616, Further, this
torque causes the twisted string 606 1o change iy length resulting in displacement between

the sctuator ead 602 aud the plate 610,

{00134] The slip cluich 622 could be configured such that the torque tansferred between the
motor 624 and the gansonssion block 620 does not exceed a specified torqus fevel. The
specified forque level could be chosen or set such that a force applied between the actustor
head 602 and the plate 610 by TSA 600 docs not exceed a specified force level. The

specified force lovel vould be related to the specified torque level and 3 transnission ratio of
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the TSA 600 related to the kmgth of the twisted string 606 and the pitch of the fwist of the

strands 606a, 6060 of the twisted siring 606,

{00135] The load cell and epcoder 616 15 coufigured 1o messure the force transmitted
through, and the rotation of, the second ond 612 of the twisted string 606, The load cell could
include piezoclectric clements, stramny gauges, of other clements configoared to tranaduce the
force transmitted oo the second end 612 of the twisted siting 606 into the transnussion tube
604 and actuator bead 602 into g signal or vadoe tndicating the transmitied force. The
encoder could include optical or other elements capable of measuring the absolute andfor
relative rotation of the second end 612 of the twisted string 606 directly sad/or indirsetly {e.g.,
by detecting absolute or relative rotation of the transnussion hlock 63, pwisted string 606,

andfor 3 rotor of the theast bearing 618}

{00136} Toformation from the foad cell and cacoder 616 could be used to operate the TSA
600, for example, using closed-Joop feedback control.  For fustance, the controb anit 304 of
the robot 100 could operate the motor 524 based on forees andfor rotations detected using the
Ioad cell and encoder 616 0 gonerate & constant force e the Dvisted string 606, 3 constant
rotation of the second end 612 of the twisted string 606, or a spectfic change i a length of the

twisted string 606,

{00137} Additonally or alterostively, the contrel unit 304 could be configured 1o derive
other detectable parameters of the TSA 600 andior plate 610, For example, the control unit
304 could be confipured to deternipe a rotation rate of the seeond end 612 of the taisied
string 606 correspongding to a spectfied rate of lncar displacement betwesn the actuator head
602 and the plate 610 based on 3 stored, known, or otherwise determined current length
anddor Jevel of twist of the twisted string 606, The contvol anit 304 could then operate the
TSA 600 to achieve the specified rate of Hoear displacement by operating the motor 624

achicve the rotation rate comresponding to the rate of linear displacement.

{80138] Properties of the twisted string 606 and of the individeal strands 806, 606b of the
twisted string 606 could be specificd o satisfy some constralnt(sy andior o have some
properte{s) according to an application. For exaople. 8 diameior and conposition of the
strpnds 6064, HH6b could be chosen such that the twisted string 606 has a specified swength,
fatigue resistance, transmission ratio; compliance, or some other property or properties. In

sonie examples, the strands 606a, 606b of the twisted string 606 could be wholly or partially

I
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compored of ultra-high-moleculacoweight polyethviene or some other high strengtlhy, low

bending radrus, low intemal fricnion, high stitfhess material,

{00139 The TSA 600 could include a string having two strands, bke the strands 6065, 606h,
or could mchede more than two strands. The arrangement of the two or mors strands could be
controflod sndéor specified. In some examples, the srrangement of the fwo of more stiands
could be controlled by the configuration of the transmussion block 620 or by the way in which
ends of the strands opposite the transmission block 620 are attached to each other andéor to an

actuaied clement,

{00140] The TSA 800 shown 1 Figures 6A-0B i« one implementation of & pwisted string
actuator as desorthed borain,  Other configurations of TSAs, including altermate, additionad,
fower, and/or differently configured components are anticipated. A TSA could inchude
multiple twisted strings, different number(s) of steands, twlnple motrs, twisted strings
actuated by two rotational actustors (Lo, a rotational actuator coupled to cach end of the
twisted string), more than one transmission tube, differently configured transmission tobes,
ditferent locgtions andfor means of attachiment tv actugted clensents; or piher configuwrations

according to an application.

V1.  Example Robot Contvol Svstem

{08141] Figure 7 dlustrates a block diagram of 8 robot coutrol system T, 1o accordance
with an example implementation.  As shown i Figure 7, the robot contral system 700
inchudes the controlatiit 364 and g remote control device 7820 The control wait 304 achedes

theavain controller 370 and e actugtor control modules 3724384,

{08142] As mentioned above with respeet to Figare 3A, the actuator vontrol modules 372-
384 are configurad to control the various actuators of the robot 100 and the mutoreyele 200,
Spectfically, the accelerator module 372 5-configured 10 contro! the accelerator actuator 318,
the first brake modale 374 45 configured to control the first brake actuator 326, the second
brake module 376 is configured to contrel the second {rear} rake actuator 358, the steering
modude 378 18 configured 1o control the steering sctuator 322 {e.g., the yotary actustor SO8),
the clutch module 380 is configured o control the cluich actuator 346, the shifter module 382
is configured to control the shift actustor 342, and the cutnigger madule 384 is configured to
control the outrigger actuators {e.g., the outrigger actuator 426}, The outnigger module 384

could be coupled to the wotoreyole 200 or the robot 100,
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{08143] In cxamplcs, the acteator control medules 373384 niay be included withoy the

control unit 304 along with the mam controlier 370, In other cxamples, the actuator control
modules 372-384 may be separate from the controller 370 and nway cach have its own
processor and memory progravamed with instractions that, when executed by a respective

PFOUCSEOT, comtrol a I‘ES?GC&\-’G actuator.

{00144] The sctuator conttol modules 372-384 may he in wired ot wireless commpnmication
with the main contoller 370, The sctustor control modules 372-3834 may provide
information to the main controller 370 and may receive conumands from the mawy controflar

370 to actuate the respective actuators.

{I4S]  As muentioned sbove, e i comtrolier 376 mcludes at least one processor and
memory of data storage having program instructions stored thercon, The mam controlier 370
may be i wired or wircless comrounicationt with an onboard vehicle eogine control wait
{ECLD 794 and may be muﬁgumd to receive control mformation of the motoreyele 208 from
the vehicle ECLI 704, The contvol information of the wotorcyele 2000 may inclade, for
example, vehicle speed, engine spocd, tramsmission gear position, et Thevehicks spred can

be g rotation s;:seed of the front wheel 204 or the rear wheel 202

{88146] The main controller 370 may Auther recoive an oporation signal from the romote

control device 702 {e.g., via the antenna 368). Based on the operation signal, the control

information from the ECU 704, and roll angle miormation from the roll angle sensor 366, the
aat controlier 370 may send command signals to the sotuator control moddes 372-384

operate thair respeetive actiators accordmngly

{18147 The remote control device 702 wmay be located mway from the robot 1030, The
remote control device 702 may wmehede an operation unit 706 and a display 708, The
operaticery unit 706 may include, for example, & jovstick. The operator of the romnie control
device 702 can onter an accelerator command and steering compand via the operation anit
706, The asccelerstor conmnand could be aceelerstion or deceleration command and the

steering conunand could be 3 left or right fun command.

{00148] The oporation wmt 706 sends signals indicating these commands to the main
controller 370, For example, when the joystick is tilted forwaed, the operation wnit 706 sends
st scccleration command to the main controller 370 based on the amount of tilf of the
joystick. When the joystick is tilted rearward, the operation unit 706 transmits @ deccleration

command o the main controlier 370 based on the amount of §l. By tiliing the joystick to the

)
=1
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ledt, theoperaton wint 706 transmits o loft turn steoring conymand to tho maig cobtroller 370
based on the amount of alt to the left. By tlang the joystick o the vght, the oporation unit
706 wansmuits a night turn steering conunand to the niain controfler 370 based on the amount

of tit to the right.

49 A joystick i veed horetn as an example, and the operation undt 706 may be g dovice
ar'a user interfacde other than o jovstick. Por example, the operation unit 706 may include a
touch sereen with user-interfiace ttems that the operator can use to provide acceleration and

stesring commands.

{00150] The display 708 may be configured o receive and display troags or video based on
wnage dats recebved from-the Boaging device 364, These mages or video may mbform the
operator about the environment of the robol 10 and the moloreyele 200 to enable the
operator o accclerate, decslerate, and steer the motoreyele 200 appropriately wig the

operatowenit 706;

{00151 Iocan example, $ho main controller 370 may bo configured to analyes the image data
recetved from the imaging device 346 md identify based on the image data any obstacles ina
travel path of the robot 100 and the motoreyele 2000 The main controller 370 may then
dotermine the stoering connnand and the accelerator command so as to aveid the obstacles

and safely navigate the motoreyele 200,

{80152] The main controler 370 mayv receive the accelerator and steering commands and
accordingly provide signals to the actusior control modides 372-384, Specifically, the main
controller 370 may inchude a speed controlfer 710 that may mclade software modales,
bardware components, ov a combination thereof. The speed controller 710 may recenve the
accelerator command and accordingly send signals to the accelerator modale 372, the first
hrake module 374, and the sccond brake module 376 1o achicve the commanded

accelerstion/deceleration,

{00153] Pavticularly, the speed contreller 710 may deternuine a target operational position for
the accelerator 314 hased on the accelerator command.  The speed controller 710 may then
sehd a command signal indicating the targel operation position to the accclerator module 372,
The accelerator modude 372 then generates a signal 1o the aceelerator actuator 318 80 as to
cause the sctual oporating posttion of the avcclerator 314 detented by the position sensor 320

of the accelerator sctuator 318 1o approach the target operational position.
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{08154] In parnticudar, for an accoloration command, the decelerator mdule 372 oulputs a
first driving signal to the aceslerator actuator 318 1o operate the acoclerator 314 to open o
further open a throttle of the engine 208, For a deccleration command, the accclerator

a-r')

modute 372 outpots a signal o the accelerator actuator 318 fo operate the accelerator 314
roduce opening of the throttle of the engine 208, Further, for a deceleration conunand, the
spred controtler 710 may determine  first target torque for the first brake acheator 326 and 3
second target torque of the second brake sctsator 358, The speed controller 710 sonds a
command signal indicating the fivst target torque 1o the fust brake module 374 and a

command signal indicating the second target torgue to the second brake module 376

{00155] To achiove the first target-torgue, the first-brake module 374 sends & signad to the
first brake actoator 326 so a8 to cause the torque of the first brake operator 32% detected by
the torque sensor 332 o approach the first target torque. Samtlarly, the sceond brake control
module 376 sends a si’gﬁai 1o the second brake actuator 358 50 as o cause the torque of the
second brake operator 356 detected by the torque sensor 360 10 approach the second target
wrque. I there 1 no change 1o the accelerator conunand, the accelerator module 372 holds

the accelerator 314 o Hs current operating position.

{00156] The mamn controlior 370 may Hwther include a stconngdbalance controller 712
configured 1o porfiwm sicening andfor balance conirol o acomdanve  with the steering
command from the remote control dovice 702, The siceringbalance controfler 712 may

wchade software modules, hardware components, or & combination thereofl

{08157] When the steering command is 3 tight turn or a lefl twn, the steeringthalance
controtler 712 determines a target steering angle of the handichar 308 (Lo, the left and vight
handlebars 502 and S04) based on the steering connmand from the romote control dovics TH2.
I response, the steering/balance conwroller 712 sends a command signal indicating the target

stcering angle to the steening module 378,

{80158] When the steening conmmand indicates maintaining a straight path, the steering
madule 378 generates o sigaal to the stooring actuator 322 {Le., the rotaty actuator S8} ta
cause the actual roll angle detected by the roll angle sensor 366 to be within a threshold value
of zero roll angle to ronintain a straight path. The steering modude 378 may also generate the
signal to the steering actuator 322 based on a torgue detected by a torque sensor {eg., the
torque sensor 324 or 832} coupled to the steering actuator 322 and the acteal steenny angle of

handlebar 308 deteeted by the steering po&‘itinm sehsor 312,
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{08159] ‘When the stecting command indicates a right turs or 8 left tara, the steering modale
378 generates the steering signal to the stesring actuator 322 based on one or more of several
mputs: (1) the actual torgue detected by the torgue sensor 324 of the steoring actuator 322, (1)
the actual steering angle of the handlebar 308 detected by the steering posibion sensor 312,

(it} the actaal roll angle detected by the roll angle sensor 366, and (v} the target steering

angle,

{00168} Inan cxample, & tuning radius i3 determined based on the steening command. Then,
the steering controfler 712 determines a target roll angle, a target steering angle, and a target
steering torque based on the turning radius and the speed of the motoroyele 200, Based on
determined tarpet valaes, the steering controller 712 generates: the stecring conanand o the
steering modude 378, which provides a corresponding steering signal to the stecring actuator
322. The steoring controlier 712 dotormines the steering comumand to reduce the difference
between the target roll angle and the actual roll sngle while monitoring the actual steering
torque and the actual voll avgle from the roll angle sensor 366 1o achicve the commanded wen

smoothiy,

{08161} The matn controller 370 may further include a shift controller 714 configured to,
based on the control nformation from the vehicle ECU 704, pencraie a gearshift command.
For instance, the shift controller 714, based on the velicle speed received from the vehicle

ECU 704, automatically performs a gear change aperation by gonerating the shifl command.
The shift controller 714 mav include software modules, bardware components, or a

combination thereof

{08162} Figure 8A is a diagramn Hlustrating timing of shift-up, in sccordance with
example implementation.  As shown in Figure 84, when the speed of the motorcyele 200
reaches a first up-shift value, "Vul,” the shuft controller 714 generates a signat to shift up the
transnussion from a first gear to a second gear allowing for higher speeds. When the speed
mergases to a sccond up-shift value, “Vau2,” the shift controller 714 generates a sigosl 1o shift
up the tranamission fromy the sccond gear to o third gesr. When the speed further tnereases to
a third up-shift value, "Vu3,” the shift controlier 714 gencrates a signal to shifl up the
transinisston from the thivd gear to a fouwrth gear In examples, however, when the roll angle
that the roll angle sonsor 366 detects is equal to or greater than a predetermiined threshold
value, the shufl controlier 714 may provent o shiftup v order to avoid destabilizing the

motoreyele 204,
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{08163] Figare 8B is a dingramy sdhetrating tning of shift-down, v accordance with an
example implementation.  As shown m Figure 8B, when the speed of the motoreyele 200
decreases 1o a third down-shift value, “Vd3,” the shift controller 714 generates a signal 1o
shifl dowy the transmission fromy the fourth gear to the thivd gear When the speed forther
decreases to a second down-shift vabue, “Vd2.” the shuft controller 714 generates 8 signal to
shift down the transmussion froms the third gear to the second goar. When the speed decroases
even further to a first downeshift value, “Vdi1,” the shift contoller 714 penerates a signal to
shift down the transmission from the sccond gear to the first gear. In some examples, when
the roll angle that the roll angle sensor 366 detects is equal to or greater than the
predetermined threshold value, the main controller 37¢ may provent downshifting to avord
destabilizing the mwotovevele 2000 Four gears wore used herein as an example for tlustration.

However, 8 greater or fower number of gears conld be used,

{00164] Roeferring back o Figure 7, the shifl controlier 714 outputs conunand signals fo the
asccelerator module 372, the shatt modude 382, and the clutch module 380 based on the shift
command. In response 1o the sigmals fron the shift controller 714, the chuteh module 334, the
accelerator modude 372, and the slufi controlier 68 generate rospective signals to the
respective actuators, Figures 9, 10, and 11 lustrate tinung of sccelerator; clutch, and shifter

cormmands, i accordance with anexample implementation.

{00165] Figwe 9 illustrates a timing chart at a beginning of executing s shuft conunand, n
sccordance with an example nplementation.  Particularly, Figure 9 iHlustrates changes over
fing iy the state of chutch oporator 348 {top), the state of the accelerator 314 (middie), and the

state of the shift operator 338 (hottom),

{08166] As shown in Figwre 9, when the motoreyele 200 3¢ stoppad at time (10, the chuch
operator 348 is 11 the engagement position, the accelerstor 314 i3 1 the fully closed position,
snd a shift operator 338 iz in a seoutral or nov-operating position. At this point the

TRNSHUSHION 15 102 neutal state.

{08167 To implement a shift command, the control unit 304 sends 3 command 1o change a
position of the chlutch operator 348 from the engagement position to the disengagenent
position at time {(T1) to switch the clutch from the engaged state to the disengaged state and
prepare for a gear-shift.  When the cloteh iz switched from the engaged state o the
disengaged state, the controf unit 304 changes the operating position of the shift operator 338

from the non-operation position to the first gear position at time {T2). When the transmission

Led
-
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i switched from the noutral position to the first gear position at time (T3), the control ‘unit

304 returny the shift operator 338 to the non-operation position at time (T4}

{00168] When the shift operator 338 &5 retumed to the non-operation position, the control
unit 304 operates the accelerator 314 in the throttle opentng direction at time {T4). Whaea the
accelorator 34 s operated In the duottle openmy direction, rotational speed of the cagine
20% moreases. When' the engine speed reaches a predeternuned rotational speed, the control
anit 304 holds the secelerator 314 to the operatmg position ({TH) at time (T3}, Substantially
stnmultancoasty, the control wait 304 sends a signal 10 change position of the chuich operator

b

348 from the disengagement position foward the cngagenient position gradually between time

TS pand time (T6).

{0169] In an cxample, the control unit 304 may determine the rotational speed difference
hetween the upstresn side and the downstreany side of the clutch.  The rotational speed
difference, for oxample, is determined from the rotational speed of the engine 208 and the
rotational speed of the rear wheed 202, When the rotational speed difference is determined to
be smaller than a predetermined threshold at time (T6), the control unit 304 causex the cluich
operator 348 to move to the engapement position.  Thus, the cluteh is engaged, the shifi

operation is completed at tme {T7)

{00178 Figure 10 15 a tming chan iluostrating shifting up, in accordance with sin example
ioplenentation. Pavveularly, Figure 10 Hlustrates changes over time i the state of clutch
operator 348 {top), the stute of the accelerator 314 (middle), and the state of the dhaft operator

338 {bottont) during shifting up from a lower gear to a higher gear

{08171] As shown in Figawe ), before the shaftup at thme (T, the clutch operator 348 15 in
an. engagement position and the chuch s engaged, the accolerator 314 15 located at a
predetermined operating position (TH2), and the shift operator 338 18 located in the non-~

operation position. At this point, the tansimission s i a first gear o a hugher gear position.

{001721 When the shifting up command is generated, the control wmit 304 sends signals to
move the cluteh operator 348 from the engagenment posinon 1o the disengagoment position
and veturn the accelerator 314 10 the fully closed position at tme (T11) When the cluteh iz
switched fron the engaged state 1o the disengaged state, the control unit 304 sends a signdl w
switch the shift operator 338 from the non-operation position to the shift-up position at time

{T12). As a result; the transpussion gear is swiiched to the higher-speed gear at time {T13),
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srd the control unit 304 then rofrns thie shaft operator 338 to the non-operation posifion at
time (T4}

{08173] When the shift operator 338 is retumned to the non-operation position, the control
unit 304 substantially simohancously actuates the accelerator 314 in the throttle opening
direction back to the operating position (TH2) at time (T13), The control unit 304 thew

maintaing the decelorator 314 at the operating position (TH2),

{80174] When the accelerator 314 15 retumned to the operating position (TH2), the control
unit 304 moves the clutch operator 348 o a half-clutch positton from the disengagement
position, and then the cluteh operator 348 i< held n the halfechuteh positron bebween time
116y and thane (T17),  In dus cases e pontrol anit 304 may determing diffieence in the
rotational speed bobween the upstroam side and the downstream side of the clatch. When the
difference is smalier than & predetormined threshold value at time (T17), the control wit 304
moves the chach operator 348 to the engagement position so as to place the clateh is the

engaged state. The shift-up operation is completed at time (T8,

{00175] Figare 11 18 a tooing chart iHusteating shifting down, in accordanee with an exangle
unplementation.  Particularty, Figure 11 iHustrates changes over time in the state of chueh
sperator 348 {top), the state of the accelerator 3 4 {niddle}, and the state of the shift operator

338 {bottom) during shifting down from a higher gear to a lower gear

{80176] As shown in Figure 11, before the shift-down at time (T0), the clotch operator 348
i3 in an ongagoment position, the accelerator 314 1s located mthe fully closed position and
the shufl operator 338 15 i the son-operstion position. At this point, the trassmission s in

second gear or a higher gear position.

{8177} When the shift-down command is generated, the control unit 304 sends a sigal to
move the clatch operator 348 from the engagement pesition w the disengagement position at
fime {T21). When the chuteh is swilched from the engaged siate o the disengaged state at
e (121, the conirol wiit 304 sends a signal to move the accelerator 314 I the theotile
opening divection fo a predeternnned position {TH3) and then return it fo the Ailly closed
positton at time {124} so as to make the speed of the eagine 208 greater than a predetermined
rotational spead.

{08178] Addiionally, the control unit 384 sends & signal to switch the shuft oporator 338
from the non-operation position to the shift-down position atl time (T22) along with the

above-mentioned movement of the accelerator 314, The ransinission geoar s thus switched to
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the low spocd. gear at fime (T23) and the controb vt 304 then roturng the shift oporator 338

o the non-operation postiion at time (T235).

{00179 When the rotaticual speed of the engine 208 15 inoreased 1o reach the predeteronned
spred by the above-mentioned movement of the aceelerator 314, at time {T26) the conwrol
unit 304 sends a signal to move the clateh oporator 348 from the discngagement position {0
the partind engngement position, and holds the clutch operator 348 in the halfchuich position

between time (T27) and time (T2R),

{08186] In dus case, the control unit 304 determines a differsnce in the rotational speed
botween the upstream side and the dowustream side of the cluich. Whey the ditfference s
suwellor than a predetennined threshold valae at tivne (T28), the control unit 304 moves the
chutch operator 348 to the engagoment position.  As a resalt, the chach is engaged and the

shift-down operation is completed at ime (1293

ViL

{00181} The control system 700 is deseribed with reference 1o operating the robot 1 and
the motorcvele 200 via the remote controd device 702, However, in examples, the robot 100
may be configured to autonatically control the motoreyele 200 without signals from a romote

controd device.

{00182] Figure 12 Hlostrates a Mook diagram of an altemative robot control systeny 1200, in
accordance with an example implementation.  As shown in Figare 12, the robot 10 may
mehade somemory or data storage 102 (e, any type of memory, non-transiory computer-
readable medivm, wansitory computer-readable mediam, or both @ non-transitory computer-
readable medivm and g transitory computer-readable medion). The data storage 1202 may
he coupled to the robot 100 or the motoreyels 200.

{00183 The dota storage 1202 may store a sequence of accelerator commands and steening
commands, and the control unit 304 may acquiire these commands fron the data storage 1282
@ operate the robot 160 and the motoreyele 200, Allernatively, the data storage 1202 may
store a travel route for the motoreycle ML The control wait 304 may then determine the

accelerator commands and Si"ﬂ{i‘}“.il}g commands 1o execute the travel rogte.

{86184} In an example, the data storage 1202 may be built i the robot K0, and the controd
amit 304 may receive accelerator conwnands, steering commands, shift convnands, and a
wavel route from the data storage 1202 via wired or wircless communication, Alternatively,

the data storage 1202 may include a recording mediunm rerovable from the robot 100, The
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removable moediim could be connected to other computing deviees to acquive oporating
mstruction/commands and the traveld route, The data storage 1202 may then be recomneeted
to the robet 100 or the motoroyele to transinit the operating insiructiow'eomiands and the

travel route o the control anit 304,

{08185] In an cxample, the data storage 1202 may store thereon a target position and a target
speed for the motoreyele 200, The robot 100 or the motoreyele 200 may include n global
position systevn (GPS) device. The GPS device may mclude any sensor configured to
estimate & geowraphic location of the robot 10U or the miotoroyele 2 Tothis ead, the GBS
device may inchade a transeeiver configured to estimate a position of the robot 100 or the

matorevele 200 with respect 1o the Eartlbased on satelhite-based positioning data.

{0186] The GPS device may be m comsumication with the main controller 370 or the
contred wmit 304 and roxy be configured to provide inforoation indicative of the focation of
robot HK} or the motoreyele 200 thercto. The control nit 304 may then determine the
steering command and the aceclerstor command based af least in part on the tavget position,
the farget speed, and the location information received from the (GPS device so as fo navigats

to the target postiion.

{81871 In the above umplementations, the motoreyvele 200 18 used an an wxample for
tHustration, but any other type of vehicle could be used. A vehicle could be a mobile maching
that can be used 1o transport a person, people, or cargo. As an example, any vehicle discussed
herenn can be driven andfor otherwise guided along a path {e.g., 2 paved road or otherwise)
on land, i water, ont water, or i the air or owter space. As another example, any vehicle
discussed horein can be wheeled, fracked, railed, or skied As yet another example, any
vehicle discussed herein can inclode an automobile, 2 motarevele, -an alldterram vehicle
(ATVY defined by ANSUSVIA-1-2007, 3 snowmobile, 3 personal watercraft, a hight-duty
truck, 2 moedieneduty truck, 2 heavv-duty ek, 2 semi-froctor, & farm wachine, or 8
construction maching. As an example, a vehicle guided along o path can include a vao {such

aw-a dey or refrigerated van, a tk tratler, s platform tradler, or an antowobile carnier.

{00188] Further, accelerator operation member 15 not limited Yo the accelerator grip
described above, but may include other forms such as an accelerator podal o an aceelerator
lever, Also, the steering operator is not Hmited to a handlobar, but may inchude a steering

lever, steering wheel, ov any other form, Further, the brake operator and chutch operator niay
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be modified to operate similar tothe shift operater. fnoexamples, the brake operator, cluteh

operator, or shift operator may be omutted.

{00189] Funber, the structure of the robot 10 is pot Timied to the struchure of the above
implementations. For example, the stracture of the left and right feet, the left and right legs,
the loft and right avms, of the feft and right hands may be changed. The strocture of the

qutriggers woay also be changed. Altematively, the cutriggers may be omitted.

{80198] The structure of the control wmt 304 may also be changed. For example, in the
above-described implementations, the main controlier 370 and the actuator control modules
372-384 gre provided separately.  In other implementanions, all or some of them may be
tegrated i @ single controller. The configeration of the motoreyele 200 wmay also be
changed. For example, the engine 208, the fucl tank 210, and the position of the driver’s seat
212 may be changed. Additionally, more than one front wheel could be used and more than

ong rear wheel could be aged.
Vi Conclusion

{08191] It should be understood that mrangements described herein are for puwrposes of
cxamplo only. As such, those skilled 1n the art will appreciate that other arrangements and
other cloments (e, machines, interfaces, orders, and groupings of operations, ofc.) can be

used instead, and some clements may be omitted altogether according to the desived resalts.

{80192] While various aspects and implementations have been disclosed herein,  other
aspeets and implementations will be apparent to those skilled in the et The various sspects
and implementations disclosed herein are for purposes of Hlusiration and are not intended o
he linuting, with the tnue scope being indicated by the following claims, along with the fidl
seape of squivalents to which such claims are entitled. 1t 15 also o be understood that the
terminology used herein s for the purpose of desonbing pardeslar implementations only, and

s not intended to be hnnting.
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CLAIMS

What is claimed is:
1 A robot configured 1o drive a vehicle, the robot comprising:
an accelerator actuator configured to operate an accelerator opevator of the vehicls;
an arnpcondfigared 1o steor the vehicks;
o actuator coupled to the atoi via a Hak; and
a coutrolier configured o
i response 0 .an accelerator command, send a Hestsignal to the secclerator
actuator to operate the accelerator operator, and
i response 1o @ steering covomand, send a sccond signal to the actuator,
thereby cauving the actuator © apply a particular torque 10 the tink so as to steer the

yvehicle,

2. The robot of elatm 1, wherein the vehicle comprises:
a handiebar, wherein the arm of the robot s configured to couple to aw end of the

handlebar.

3. The tobot of chiam 2, wherein:

the link, the arm, and a portion of the handlebar form a four-bar mechanism.

i, The robot of ¢lais 3, wherel:

the aem 15 4 Heat arm and the inkots 8 first link, and the fourbar mechanism is a first
four bar mechamsm,

the robot includes & secoad arm,

the sctustor is coupled to the first-aray via the fivst hnloand i coupled to the second
arm via a second hink, and

the second link, the second arm, and another portion of the handlchar form a second
four-bar mechanism synunelric with respect to the first four-bar mechanism, such that a

particelar posttion of the actuator deternnnes an angle of the handiebar.

5 The robot of ‘clatm 4, whergin the first four-bar mechanism and the second
four~bar mechamiso are arvanged such that there 1s a Ll ratio between the particulsy position

of the actuator and the angle of the handlebar.
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3 The robot of claim 1, further comprising:

a brake actuator configured to operate a brake operator of the vehicle, wherein the
controtler is further configured to:

in response to a brake command, send a third signal to the brake actuator to operate
the brake operator.

7. The robot of claim 6, wherein the brake actuntor corprises a twisted strng
actuator that comprises an electric motor coupled to & string clement comprising a plurality of
flexible strands, wherein the third signal actuates the electric motor to cause the string to twist

and a length of the string to decrease.

3, The robot of clamy 1, Auther comprising:
a roll angle sensor, wherein the controller is configured to send the second signal ©©
the actuator based on a difference between a target roll angle detarmined by the sicerning

command and-an sctual voll angle detected by the roll angle sensor.

Q. The robot of clamm 1, further comprising:

a shift actuator configured to operate a goar-shift operator of the vehicle, wherein the
controfler is further configured to:

ot response 1o a shifl conmmand, send a third signal to the shift actuator to operate the

gear-shift operator.

16, The sobot of claim 1, further comprising:

a-clutch actuator configured to operste a clutch operator of the vehicle, wherem the
controtler is further configured to:

i response to a clutch command, send a third signal o the cloteh actaator to operate

the clutch operator.

11, The robot of claim 10, wherein the clutch actuator comprises & twisted string
actuator that comprises an electric motor coupled o a string clement conprising a plurality of
flexible strands, wherein the thivd sigeal sotuates the electric motor to cause the string to twist

and a length of the string to decrease.
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12, A system comprising

a vehicle comprising an aceclerator operator and a steering operator;

arobot comprising: (1) an aceclerator actuator coupled to the aecelerator operator of
the vehicle and configured to operate the accelerator operator, and (4} a steering actuator
coupled & the steering operator of the vehicle and vonfigured to operate the stecring operator;

at feast one outrigger coupled to the vebhicle or the robot and configured to be in aither
g undeploved state or a deployed staie, wherein i the deploved state, the ouinigger i
configured to engage a surface when the vehicle is at a predetermined lean angle to laterally
stabiilize the vehicke:

an outrigeer actustor configured to switch the outrigger from the undeployed state to

the deploved state; and
a confrofler configured to
i Yesponse 1o an accelerator command, send a first sigaal o the accelerator
actuator 1o operate the accelerator operator of the veligle,

in rogponse 1o a steering conunand, send a seeond signal to the steerin

4

actuator to steer the vehicle, and
in response to an outipper deploy signal, send a third signal to actuate the

putrigger actuator so-as to switch the outrigger from the undeploved state to the

deploved state o laterally stabilize the vehicle

13 The system of chum 12, wherein the outrigger comprises ome of more
supporting menthers and an expansion membey, wherehn

proximaltends of the one of more supporting members and the expansion member arg
rotatably coupled to the vehicle at respeetive pivots, and

distal ends of the one or more supporting members and the expansion member are

coupled to a pad configured to engage the surface whea the outrigger isin the deploved state.

14, The systeny of clatm 13, wheretn the ontrigeer further comprises:

a biasing member coupled to the expansion member and configured to apply a blasing
force on the outrigger to bias the cutrigger toward the deploved state;

a holding member that couples the cutrigger actuator to one of the ong or morg
supporiing members, wherein the holding member is configured to hold the outrigger in the

undeployed stale against the biasing force of the biasing member, wherein when the outrigger
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adhuator s trigeored winle the dutnigger 1 1 the undeploved state, the helding member &
refeased and the biasing member causes the outrigger o switch from the undeploved state to

the deploved state.

15, The systewn of claint 14, wherein the biasing member comprises at least ong of

3 compreasion linear spring or a torsional spring.

16, The systow of claim 14, wheren the holding member comprises o wire loop

that connects the outrigger actuator to the one of the one or more supporting member.

17, The system of claim 14, wherein the expansion member includes & first
expansion link and a second expansion link coapled to the first expansion hnk v 4 pivet,
wherein the bissing member is moumied across the pivet and i configwred fo apply the
hiasing force to bigs the sccond expansion link away from the first expansion link, and
wherein when the holding momber 15 released, the blasing moember pushes the second
expansion link away from the Hrst expansion hnk, thereby causing the ouirigger 1o swilch
from the endeployed state o the deployed state,

I3, The systom of clasm 12, wherein the outrigger actustor comprises a hydraulic
or preumatic oylinder, wherein the vehele further comprises: (1) a source of prossurized
faud 0 2 fiest valve disposed between the sowee of pressurized fluid aod the eylinder,
wherein the first valve blocks a Arst fuid path bebween the sowrce and the eylinder; and Gy a
second valve disposed between the source of pressurized floid and the ovlinder, wherein the
second valve blocks a second thud path between the source of pressurized thad and the

cylinder.

19, The system of claim I8, whorein:

wy response o the outrigger deploy signal during normal operation, the controtier
opens the fivst valve 10 open the first fluid path between the souree of pressorized fhad and
the cylinder 0 as to actoate the outrigeer actuator and deploy the outrigger, and

in response o the outrigper deploy signal indicating an cimergeney signal or that g
speed of the vehicle is below a threshold speed, the controller opens the second valve o open
the second fnid path between the source of pressurized fluid and the cylinder so as to actuate

the outnigger actuator and deploy the outvigger.

o
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20, The system of claim 19, further comprising:

avear brake actuator, whersin it respouse to the emergency stgmal or the speed of the
vehicle being below the threshold speed. the controller opens the second valve to open a third
Hloid path between the source of pressurized fluid and the rear brake actuator to actuate a rear

brake of the vehicle while deploving the outrigger.

21 A sysiom comprising:

a vehicle comprising an accelerator operator and a steering operator;

a robot comprising: (1) an aceelerator actuator coupled o the accelerator operator of
the vehicle and configared fo operate the accelerator operstor, and () a steering sctaator
coupled o the stearing operator of the vehicle and configured to operate the steering operator;
and

a controlier configured 1o

in response to an accelerator command, send a first signal to the accelerator
actuator to operate the accelerator operatin of the vehicle, and
in response to a steering comumnand, send a sccond signal fo the steering

actuator to steer the vehicle.

22, The system of claim 1. whorein the accelerator coromand comprises a
deceleration command, and wherein the fisst signal 1o the accelerator actuntor causes the

gotuator to retury toward anonactuated position to decelerate the vehicke

23, The system of claim 21, wherein the vehicle further comprises: a shift operator
and a clutch operator, wheremn the robot further comprises: a shifl actuator confimwred
operate the shift operator and a cluteh actuator configired to operate the clutch operatar, and
wherein the controller is further configured to, in response to a gear shift instruction, send the
first signal to the aceelerator actuator, a third signal to the clutch actustor, and a fourth signal
to the shift actuator so-as 1o sequentially actuate the acoelerator operator, disengage a cluteh,

and actuate the shifl operator to cause & gear shuft.
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24, Thesystem of claim 21, whercin the robod further comprises a main bedy that
is placed on a dniver™s seat of the vehicle, and wherein at least one of the accelerator sctuator
ot the stering actuator is connecied o the main body.

25, The system of claim 24, wherein the main body inclodes 3 seating wmember

coupled to the driver’s seat,

26, The system of ¢laim 21, wherein the controller is a first controller coupled to
the robot, wherein the vehicle includes a second controller i cofmminication with the fist
controller, wherein the second controller is configured to provide information indicative of &
speed of the vebicle 1o the first controller, and wherein the first controller determines the first
signal and the second signal based on the information mndicative of the speed of the vehicle.

27, Thesystem of claim 21, wherem the robot finther conmprises:

& memory s communication with the controller and configured to store therson the
sccelerator command and the steering: conumand, whersin the controller ds configared 1o
receive the actelerator command and the sicening command from the memory.

28, Thesystom of elaim 21, wherein the robot firther comprises;

a memory - in commuenication with the controller and configured 1o store thercon a
travel roate for the velucle, wherem the controller is configured to dotermine the fivst signal

and the second signal based on the fravel rse.

29 The system of elaim 21, wherein the robot further comprises:

3 pnory I conwnacation with the controller and configured to store thereon a
target position and a target speed for the vehicle; and

a global positioning systery (GPS) device 1n communication with the controller and
configured to provide the controlier with information indicative of a cwrrent posttion of the
rabot, wherein the controller determines the first sigoad and the sccond signal based on the
farget position, the taget speed, and the information indicative of the curvent position of the

robot,

30, The systew of elaim 21, further comprising:
aremete control device, wheretn the controller receives the accelerator command and

the steering conunand from the remote contrad deviee.
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3L The svstem of claim 30, further comprising:

an maging device coupled o the robot or the vehicle and in commuication with the
controtler, wherein the controller 1 configured o transnut inage data captwred by the
imaging device for an enviromment of the vobot and the vehicle to the remote control devicg,
wherein the remote control device inchedes o display confipured o display one or more
ironges based on the image dats received from the contvoller.

32, The system of claim 21, wheremn the robot further comprises sn maging
device configured to provide the coutroller with image data for an envivonment of the robut,
whersin the controler is configured 1o

identify, based on the mage data, an obstacle in a path of the vehicle, and

deternune the second signal so as to avoid the obstacle.

33, The system of chim 21, wherein the vehicle further compmises: a brake
apertor, wherein the robot further conprises a brake actustor configured fo operate the brake
operator, and wherein the controller s finther confawed to send the first signal 1o the
aceolerator actuator and o third signal to the brake actaator so as to achigve 8 particalar

acrceleration or deceleration for the vehicle.

340 A stecring systom COmMprising:

A robot comprising: (1) n fivst arm and a second srm, and (1) an actuator coupled t the
first arm via a first ok and coupled to the sccond arm via g second link; and

a vehicle comprising a handlebar, wherein the first army is coupled to a first end of the
handicbar and the second arm 18 coupled o a sccond and of the handlebar, such that position
of the actuator deterniines an angle of the handlebar, thereby deternuning corresponding
steering angle of the vehicle,

35, The stecring systom of claim 34, wherenu

the frst Dok, the first avm, and g portion of the handichar form g fist Pour-bar
mechanism, and

the second link, the sccond arm, and another portion of the handlebar form a sccond
four-har mechanism syimmerrie with respeet to the first four-bar mechanism, wherein the firsy
four~har mechanism and the second four-har mechanisio are srranged such that there s a 101

ratio between the position of the actuator and the steering angle of the vebicle.
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