TABLE TENNI S ROBOT AND METHOD OF OPERATI ON CROSS- REFERENCE TO RELATED

APPLI CATI ONS This application clainms priority to provisional

appl i cat iwo 28awwised41No. 61/ 255, 757, filed Cctober 28, 200eTarsdomwos£s3i al No.
61/ 255, 795, filed Cctober 28, 52009, both of which are incorporated herein
by reference. BACKGROUND This disclosure relates to a robot server
assenbly for serving table tennis balls, and nore specifically to a robot
server assenbly that is portable, |ow cost, |ess prone to janm ng and has

i nproved ball pick up features. 10Table tennis is a popul ar conpetitive and
recreational sport. The object of the,gane is to have a player on each side
of the table so that each player with a table tennis paddl e can serve,

return and rally a table tennis ball. Oten, however a player may wish to
play the gane of tab t end, various
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U S. Pat. Nos BAEKEHOYN® is directed to a table tennis robot with a panning

head; U.S. Patent No. 4,854,588 describes a table tennis. rob abl e of
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captures balls, allows themto drop to 25 the troughs where they are fed

to the r GbRe 9AREING &rﬁﬂ‘jh"@ @Prp’éﬁ%?ﬁ‘” ek uB fesrea21 di scl oses a portable
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The nettimay Wigh to payetheegype of table tennis without another player To that end, '
various table tennis ball serving devices or robots have been developed. The
15 devices serve the ball to the player so that the player can return the shot in the
direction of the robot.
Heretofore table tennis robots have incorporated various features. U.S. Pat.
No. 3,794,001 to Newgarden describes a relatively simple device for imparting
variations in the amount of spin applied to a ball being served by the server. The
20 disclosure of the U.S. Patent No. 3,794,001 is incorporated herein by reference.
U.S. Pat. Nos. 4,844,458 is directed to a table tennis robot with a panning
head; U.S. Patent No. 4,854,588 describes a table tennis robot capable of variations
in shot trajectory; U.S. Patent No. 4,917,380 discloses a table tennis robot having
lateral, foldable troughs with a net array that captures balls, allows them to drop to
25 the troughs where they are fed to the robot server; and U.S. Patent No. 5,009,421
discloses a portable table tennis serving devices that include a robot server and a
ball capture net. These last two recited patents employ a folding net structure is also
employed for attachment to a table tennis table and for feeding balls to a robot ball
server. The net structure includes a plurality of arms extending radially from a central

30  member and netting suspended between the arms. The netting has a lower edge



-2- which is cooperatively connected with a trough device for receiving
balls that fall fromthe netting. The trough is disposed to feed the balls
to the rowotosseésmg devi ce. The di sclosures in the aboeeTdsgawiobeds pat ent s
are incorporated by reference herein. 5While nmany of the devices previously
known to the art are functional and useful, they sonetines are susceptible
to janm ng when returned balls are captured and collected and fed into the
mechani sm for recycling the ball to the robot server. It is
desirable, therefore, to have a sophisticated server device for
sequentially serving a plurality of balls to the player enploying a
relatively sinple, inexpensive 10 design, which addresses the ball janm ng
probl em and whi ch can be offered at reasonable price points to the
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Briefly stated, a robot server assembly having a back panel with a rounded
ball collector mounting section at the bottom. A ball feed collector plate extends
15 outwardly from the bottom of back panel. A ball pickup mechanism is operatively
positioned between with the ball collector mounting section and the ball feed
collector plate. There is an upper ball guide at the upper end of the back panel. A
front cover is attached to the front surface of the back panel and extends from the
bottom of the ball guide to ball pickup mechanism defining an enclosed ball
20 passageway. An oscillator is mounted to the top of the back panel above the upper
ball guide and a serving head assembly is attached to the oscillator through a pivot
guide.
In one aspect, the front cover has a substantially U-shaped cross-sectional
configuration to eliminate angles and corners and facilitates ball movement through
25 the ball feed passage thereby reducing jamming.
In one aspect, the front cover can be substantially transparent to the extent it
allows viewing of balls moving within the ball feed passage.
In one aspect, the serving head assembly comprises a discharge wheel and a
discharge tube. In one aspect of the invention, the discharge tube has a fluted bore.
30 In one aspect the serving head assembly comprises a pair of opposed discharge



30l n one aspect the serving head assenbly conprises a pair of opposed

di scharge -3- wheels having replaceable friction naterial. One or nore

di schar gewothreslisesrmy operatively extend into the bore ofCrhms2déiooseds

di scharge tube. In one aspect, the ball collector plate has a
contoured configuration that reduces ball hang up, gathering and janm ng
and is angled relative to the 5longitudinal axis of the robot to facilitate
ball feed and pi ckup. Anot her aspect of the ball pickup nmechani sm
conprises a rotatable pickup wheel having a plurality of resilient pickup
fingers that enhance ball pickup by the ball pickup nechanism |In another
aspect, the pickup wheel conprises a plurality of ball feed springs of
varying | engths and configurations that enhance ball pickup by the 10bal

pi ckup | . as . Of | I ui de
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FIG1 is radmsspelctharg wpsvgadfermg entodnmeing afd ds r adgded seraties s senbl y
C s Mdr 5% SR B e e hashnur oL FI G 2 15 a front
vi ew t here of Angd®El @spélctidf ta@ bafl QsIeuUp eehavsraf cdnigisks e fota@tlel pibk@s t he
robot SerV\\//heerel ﬁg\ﬁﬁg a pYurallty of resilient pickup fingers that enhance ball pickup by the ball
pickup mechanism. In another aspect, the pickup wheel comprises a plurality of ball
feed springs of varying lengths and configurations that enhance ball pickup by the
10  ball pickup mechanism.
Another aspect of the disclosure is a ball guide design that prevents hang-up
of the table tennis balls at the juncture where they enter the serving head.
Yet another aspect of the disclosure is a robot server assembly that can be
expanded to accept a net assembly or trough assembly.
15 BRIEF DESCRIPTION OF THE DRAWINGS
FIG.1 is a perspective view of an embodiment of a robot server assembly
constructed in accordance with the present disclosure;
FIG. 2 is a front elevational view of an embodiment of Fig. 1;
Fig. 3 is a side elevational view there of;
20 FIG. 4 is an isometric view of the lower section of the robot server assembly,
sans ball pickup mechanism, illustrating the ball tray and opening to the ball pickup
mechanism;
FIG. 5 is an exploded view of a ball pickup mechanism;
FIG. 6 is a rear perspective view of the of the front cover;
25 FIG. 7 is a front perspective view of the upper end of the ball feed passage,
sans front cover, with the upper ball guide removed therefrom;
Fig. 8 is a top plan view of an alternative embodiment of a ball guide;
FIG. 9 is a exploded, topm perspective view of the oscillator of the assembly
of Fig. 1;
30 Fig. 10. is an exploded view of the serving head;
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of Fig. 1; 30Fig. 10. is an exploded view of the serving head;
Fig. 11Ais a perspective view an alternative enbodi ment of a discharge
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di scharge wheel assenbly; Fig. 11Bis a front plan view thereof;
s a front plan view of the digital controller used in cooperation
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and discharge wheel assembly;

Fig. 11B is a front plan view thereof;

FIG. 12 is a front plan view of the digital controller used in cooperation with
the assembly of Fig. 1;

Fig. 13 is a rear plan view thereof;

FIG. 14A-14F is a table listing the menu choices and corresponding functions
displayed on the digital controller; and

FIG. 15 is a computer screen shot illustrating software applications for
programming and operating a table tennis robot from computer. The screen is
illustrative only and any appropriate screen managed by the operating system
software that can be used to manage the functions in a user friendly manner is
encompassed by the scope of the invention. For example, various textual or
alphanumeric indicators, such as C,P,I & D can be replaced by graphic symbols,

DETAILED DESCRIPTION

While this disclosure is susceptible of embodiment in many different forms,
there is shown in the drawings and will herein be described in detail preferred
embodiments of the disclosure with the understanding that the present disclosure is
to be considered as an exemplification of the principles of the disclosure and is not
intended to limit the broad aspect of the disclosure to the embodiments illustrated.

Referring now to the drawing figures, one illustrative embodiment of robot
server assembly 20 is shown. The robot server assembly 20 contains an elongated
back panel 21 with a rounded ball collector mounting section 22 at the bottom. A ball
feed collector plate 23 extends outwardly at a right angle from the bottom of back
panel 21. A ball pickup mechanism 24 is operatively associated with the ball collector
mounting section 22 of the back panel. There is an upper ball guide 25 at the upper
end of the back panel. A front cover 28 is removably attached to the front surface of
the back panel 21 and extends from the bottom of the ball guide 25 to the top of the
ball feed collector plate 23, partially covering the ball pickup mechanism 24. Front
cover 28 and the back panel define an enclosed ball passageway 30, as will be



FIG 14A-14F is a table listing the menu choi ces and correspondi ng
functions displayed on the digital controller; and FIG 15 is a conputer
screen shwo 20i1tlodsd4nat i ng software applications for 10 pcogrsameiosgsand
operating a table tennis robot fromconputer. The screen is illustrative
only and any appropriate screen nmanaged by the operating system software
that can be used to nanage the functions in a user friendly manner is
enconpassed by the scope of the invention. For exanple, various textual or
al phanuneric indicators, such as C,P,I & D can be replaced by graphic
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panel 21 iriwcrI]L? e%daesplﬁr\éfﬂyng?ue{]rmsn&tgﬁcﬁmg %gdiglpydfrgg a central member and netting
suspended between the arms. The netting has a lower edge which is cooperatively
connected with the troughs for receiving balls that fall from the netting. The trough is
disposed to feed the balls to the robot serving device.
20 The back panel 21 has a first side wall 42 that is perpendicular to front surface
of the back panel and extends from the top of the back panel to a point just above
the ball pickup mechanism 24. A lower portion of the first side wall curves toward
the center of the ball pickup mechanism. A spaced apart second side wall 44 is
perpendicular to the front surface of the back panel 21 and extends from the top of
25 the back panel 21 to meet at a top surface of the ball feed collector plate 23. A lower
portion of second side wall 42 curves from an edge of the ball feed collector plate 23
toward the center of the back panel 21. Together, the recited first and second side
walls and back panel 21 form a ball channel 45. The curved portions of the first and
second side walls are designed to guide balls exiting the ball pickup mechanism 24

30 into the ball channel.



10 each having a slot 40 for nmounting the robot server assenbly. The
nmounting arns can be enpl oyed to renovably nmount the robot in the base
cont ai nerwoanpadedst of a robot table tennis net and ser Pyem/ussslendi2g3 of t he
type disclosed in U S. Patent No. 5,335,905, which is incorporated herein
by reference. The robot of present invention may include |ateral, foldable
troughs with a net array that captures balls, allows them 15 to drop to
the troughs where they are fed to the robot server. The net structure
includes a plurality of arnms extending radially froma central nenber and
netting suspended between the arns. Theg netting has a |ower edge which is
cooperatively connected with the troughs for receiving balls that fall from
the netting. The trough is di sposed to feed the balls to the robot serving
devi ce. 20The b [ | 204 I i cul ar
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conprises a nopuntin ate 50 having a plurality of outwardly projecting

nmount i ng Sha% §§5ar‘512engp|gg$ drapsgfep geansHB, 60. The gear ratios of the transfér gears to
main gear accommodate a ball feed rate of over one hundred and fifty (150) balls per

minute. A top cap 66, having a central opening 68, is mounted over concentric

25 extension 64 of the main gear and secured to mounting plate 50 by one or more
screws 69. An electric ball feed motor 70 is mounted on the top housing, with at
least a portion a ball feed motor shaft 72 protruding through the top housing and
oriented toward the transfer gears. The ball feed motor 70, via motor shaft 72, shaft
drives the transfer gears 58 and 60 which in turn drive the main gear 62.



20 shaft 54 and second shaft 56 onto which transfer gears 58 and 60,
respectively, are nounted. A main gear 62, having concentric extension 64,

i S nount esoo1156@mt er shaft 65 and engages transfer ge®C3/UB801008425Fhe gear
ratios of the transfer gears to main gear accommbdate a ball feed rate of
over one hundred and fifty (150) balls per mnute. Atop cap 66, having a
central opening 68, is nounted over concentric 25 extension 64 of the main
gear and secured to nmounting plate 50 by one or nore screws 69. An electric
ball feed nmotor 70 is mounted on the top housing, with at |east a portion a
bal | feed notor shaft 72 protruding through the top housing and oriented
toward the transfer gears. The ball feed notor 70, via notor shaft 72,
shaft drives the transfer gears 58 and 60 which in turn drive the main gear
62. -7- ' - ' b I
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crosVse0 Gl 1N 4e8Racd 1o INRESHaPPMIER o4 ibe SeEBRd FarKardwaPiiogBang f r ont
wal | 92. shtingveb lpobifofdPafe @bedngbad p&@%@ﬂﬁeﬁé@ivé'a@%%g'§S\lv@é|d?ﬁg bhe front
wal |l there is a predeterm ned radi us such that the

grabbing pass at balls preventing jamming or bridging of balls. Further, the

orientation of forward portion 82A is such that it is effective in moving balls toward

the downward angle or slope of plate 23 and toward the left side of ball pickup

25  mechanism 24.

Front cover 28, as seen in Fig. 6, has an upper section 85, which is
complementary to the upper portion of back panel 21, and a substantially wider lower
section 86. Upper section 85 has a substantially U-shaped cross-section with a first
side wall 88 and second side wall 90 and front wall 92. It will be appreciated that

30 where the side walls joint the front wall there is a predetermined radius such that the



-8- front cover has a generally rounded, substantially U shaped
cross-section. The two side walls and front wall define a channel 94 that
ext ends twe 20awmgsdr1of the upper section and opens into POTAIS26005426h 86.
The | ower section is configured conplenentary to, and abuts, the upper part
of the rounded bottom section 22 of 5 back panel 21 and cover at |east
sone of the operational elenents of ball pickup nmechanism 24. Front cover
28 is attached to the back panel 21 through nounting tabs 96 which fit into
slots on the back panel 21. As alluded to above, channel 94 and channel 45
formed by back panel 21 define ball pgssage 30. Front cover 28 includes a
spine 98 on the back side of front wall 92. Spine 98 has a m ninmal hei ght
10 at the top or upper end of the spine and the height increases along its
axial le e 8 o 86 the
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hei ght oftowgidrike %ttﬂf@?mé/t\/ligretfﬂénq 89 ealarphstiemseplign 86 feospiencavesnbie t owar d
e cent Soxdlifthobi SO 0B 20NIER Meedrkdal o6RKG"a KBLS 26 ARY !
froma substantla transparent terla such as su stantlally cl ear

pl astic dontlike spihe lm@&ved:mhelrew titheill ivel dpppeciaied éhad itk puregiuesef spfing he
balls as r [ , Fig. 7,
back panéalt8 qﬁ%%%ﬁ'&hgﬁﬁgq%%ﬁq@? Sxélfe grnﬂég@%oazplu%hpy of Igt r%&gé&{té(]%n%nklﬂs
nountléd a0ofdraihgeoab@Df dodt wattlSDQedaah tonrectiegwio one bhéhd firkeor $dmoed side de 25
is a substantially rectangul ar shaped encl osure having a first side wall
106, an 3@8sed second side wall 108, and a back wall 110. The front is
open, as at 1lkwill b6 aprovidieg tHdt dngesmiihticxbiend oafrongedviee 28 oparticigaryof each
of the side wal|l The upper guide 25 is sufficientl en and

o zed t o BRIUTHPR i BHPS I s RGPt o e Tieusnaes rEd BreR BT ack
panel 21.of Tieeh# fedd 3Privgs: AinBand shdpe antPorldrtatiaveimbe tbiscidriflateehmie | eadi ng
fromthe oaen bottomto the open front 111. There is a pivot pin seat 115

on tHé e dlagyBurgpet ¢fdajdang rUé’ﬁﬂVheAe eeyararbaiamiolfarianag feemseivag

posi ti oncw sha@ﬁvuewzaythﬁprévéﬂf ot esalef frér‘ﬂere%'cﬂlﬂ%aﬂhé bigklo \wédhan.smf Ashe upper
gui de 25. Oent er ball ide 116 extends fromthe center of 110

and br ac iRl AR, SPIGCiTri Al 2% 8N DR TBSCTEVA Gt catreHy dineh
Lerm nal g10% Mo IBASIAEUIMNE BRyibe MRS theld'R BRbbed i) iftolthl dadbagd amp

direct balls out of the open front into the serving head.
al t er nat i3Pe D YB eHantatas| angsaligas ée ¢aptwieg.bagls in the bﬁlﬂlﬂ@ls@agﬁ sH@Wﬁ‘éercent er

25 as the balls travel up the passage, the decreasing height of spine 98 towards the top
allows the ball to orientate more toward the center. Also, it should be appreciated
that cover 28 is constructed from a substantially transparent material, such as a
substantially clear plastic so that the user can view the ball passage and progress of
the balls as they move toward the serving head.



ball guide is replaced by a single T-shaped center ball guide 116 which
functions simlarly to the doubl e-w shbone desi gn except instead of

splitti ngvorvo/msed4eft and ri ght guide (the wi shbone shapex/useaioneszas ns a
single center guide. In this enbodiment, the |lower ball guide is renovable
and is incorporated into a | ower cover that covers 20 an opening along the
bott om panel of the upper guide. The |ower ball guide is incorporated with
the cover to facilitate nolding of the T-shaped center guide. In both
enbodi ments of the center guides the bottom edge of the center guides may
be have a radius cutout 117 out that igs substantially simlar to the arc of
a ball to better accommpdate, guide and a table tennis ball. 25As shown in
Fig. 9, oscillator 32 conprises a cover 118, servo 120 secured within the

wih the sorvaoriy (2, PEB% parly Badndidoe’s Bidineg naR, Teo, EbeRBaRC o2 o
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Phe bat ¢ O Eige TndBS i Zor e angelhd oo, o 1R 00 iged el Hfig ' O"

osci | | at eotte@vETupdlel |a|dw26hstsbmcr@nuylbp@@ aﬁb@maomﬁatéhﬁthumeahagueldﬁ The
oscillator 32 is affixed to. th gper (gu ide_25 with screws ?
at t achmed@MAsRAY% the gida wallg Hf t@% iPgek BBNE'LThodNeTedREN AN 'd\%}P H?ont edge

of the omwngapo@rnanﬁeﬂeenﬂémg %muﬁ@@bem%&o@%ﬂ@a&n it Y 1 gttt id ncl udes
a top wall 0, a bottomwall 132 and opposed, mrror inmage side walls 134.
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with the open T ont of e upper here is a serving head
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scale, | %%%QQS%H o%th% £ Q/?s’ﬁ?ﬁﬁ?mcoﬁfguﬁ‘&}’onmwhﬁéh B Qtreba{)r? ingieia. A

tab 138 exten e top of t I vot qul de an I ncl udes an
el ongat ednanging iIAOQGSCaﬁhelE@l ofiide lqad dine pall fEnmp QE@até)ailﬁ ogl gfttheppenTioste i s a

top alig n top wall 130 and a correspondi ng bottom al i gnment
pi n (not nggﬁ Qéromézh%tagm wal | 15 132. The top alignment pin is configured

to pildotally seam aiterngiiveoemigodiohenpiillustratedlie FiR @, tHdoddubia-alshgonmeeoéntpi N i s
configured,to.pivotall eat in, pLvot |nsat al | guide.
Fence. " p b Helebleoba 1950 b€ niiapB debE? oaludd 1eSYHEERbsth, Zaces
pi vot guisitrildly td thepaoutse-déshibons iddsigh lexcegingdtéa efrgpdipimgemd sobft@acriyat of
pivot pin 1 slot 140 of tab 138. Serving head assenhly constructed
b 20" s @B e wiaHon? SPpSek ICRMATES 2 ialh SmEs ShicGor GUF SEDSTERT hnce
osci | | at ege ek bANGUfder it retoldblé RedRs mbrwatda intdlEeloh@e lsossdirthaceoveas a
circular hole sized to acconmopdate tgpl cal sizes of table tennl s balls.

As bedt SBePPEHNGPnoIe SR RANRLSH 1R 4BRBT guisle- HAS 19WRb P&l it iri si ng
a first haldmpdrafedanth hee¢oNd thdikthteREIIFRI HRATIAEBENEENtEY G eWs 153 or

simlar In both embodiments of the center guides the botitom edge of the center
guides may be have a radius cutout 117 out that is substantially similar to the arc of
a ball to better accommodate, guide and a table tennis ball.
25 As shown in Fig. 9, oscillator 32 comprises a cover 118, servo 120 secured
within the cover in an appropriate manner, and a drive pin 122 operatively
associated with the servo. Drive pin 122 includes cam 123. The drive pin also has a
front pointer 124 used to align the pin properly during assembly. When assembled
properly, this pointer will point at the centerline of the oscillator cover when the head

30 assembly is positioned to deliver balls down the centerline of a table tennis table.



25 means. Each half includes a front sem circular cutout 154 and a rear
sem circular cutout 155, the respective cutouts cooperating when the
housi ng iwoassdstd4ed to forma front circul ar openi ng amdTaSe@ans4253 cul ar
openi ng each sized to accombdate the passage of a ball. The rear circular
opening is aligned with the pivot guide. As shown, there is a notor 156
associated with the first casing half and protected by a notor cover 158.
It will be understood that it would be possible to have a notor associ ated
wi th each half of the housing if needed. There is a friction bl ock
160 nounted on a bushing 162 at the bggtom of the casing. The bushing
consistently positions the friction block. Generally the friction 5 block
is formed froma material having a high coefficient of friction, such as
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t ube. Thd48pd&eun 23 vhthewdrivel pimagatbdn 9I@t i 4@ wtar@hs avdpl alighfeot pintiet2speed at
which th p 5
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173, all ogﬁt e head be secure 30desi red iti 0{11%{ or

PSR A o S o 4ite hrolof
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i ndi cat ed ?ener al éa/ ‘9?/ reference nunber 180. senbl % % ses a
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accommodate typical sizes of table tennis balls.
As best seen in Fig. 10, serving head assembly 34 has a housing comprising
a first half 150 and a second half 152 secured together by screws 153 or similar
25 means. Each half includes a front semicircular cutout 154 and a rear semicircular
cutout 155, the respective cutouts cooperating when the housing is assembled to
form a front circular opening and a rear circular opening each sized to accommodate
the passage of a ball. The rear circular opening is aligned with the pivot guide. As
shown, there is a motor 156 associated with the first casing half and protected by a



5 axial length than discharge tube 170. There is a first opening 188

t hrough wall 184 and an opposed second opening 190 through the wall. There
is a firswowhsglseqounti ng flange 192 on the wal |l adj aceRCTiUSe010i0s4253 openi ng
and a second wheel nounting flange 194 on the wall adjacent the second
opening. A first discharge wheel 196 is rotatably attached to the first

fl ange and a second di scharge wheel 198 10 is rotatably attached to the
second flange. As illustrated, wheels 196 and 198 each have outer rinms 200,
202. Each rimincludes a covering 204 of material having a high coefficient
of friction, such as rubber. The coatipgs can be applied or preferably they
are repl aceable, for exanple, replaceabl e bands of rubber or O-rings or the
| i ke. Wheels 196 and 198 can have nore than one rimor O-ring or can have a

15 bst - ' |t
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passes tt@r@g@hahﬁgvm%@ﬁ@hscoemh@ngofrmm are also easily replaced as the
wear out, avoi d| ng the need_to replace a_whol e wheel as we do today.
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of the servi nd"heStyeLeERIe P 3 fites! e postioned araRRH b dien Hfkkn
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t he tube 8 back, left, and ri q Si desgl n for '\T,\P
posm ned on friction block 160 andthen propelled by dlscharge heel 164 out of the

front of the serving head assembly through the front circular opening. Discharge
wheel 164 is mounted such that an outer circumference face of the wheel will just
engage a ball as it exists the tube. The speed of the wheel may be varied which will
affect the speed at which the ball is traveling as it exits the tube and is propelled
25 outward. It will be understood that serving head assembly is attached to the pivot

guide in such a manner that allows it to pivot up and down relative to the longitudinal

axis of the robot. Moreover, the head assembly can rotate around the longitudinal

axis of the tube. Any number of rotational positions or stops, defined by

circumferential indexing teeth 173, allow the head assembly to be secured in a

30 desired position for changing the type of spin on the ball.



Al ternatively, a conbination of the aforenentioned spins may be inparted to
15 the ball. The type of spin inparted to the ball is controlled by

rot ati ng wbheotieamessassenbl y around the | ongitudi nal axi sPoffi/ush@osseshar ge
wWith respect to the pivot guide, in the direction indicated by the spin
position indicators. The spin inparted is indicated by the indicators
nearest the top of the head assenbly. As the head assenbly rotates, the
position of the discharge wheel within the head assenbly 20 varies
accordingly. For exanple, the discharge wheel can be functionally
orientated on the top, bottom left of,right side of the ball and points in
between to vary the discharge path, spin and so on. The table tennis
robot is operatively connected to a digital controller, as shown in Figs.

12 and 13 and dicat b e n;.
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bal I's t hiyHegly shepsrabally 2@s6@aiear wilts SEMdIAL- for turning the wheel( ). In this

20 assembly the ball enters discharge tube 182, is substantially centered between the

rims of the discharge wheels and propelled through bore 186 and out of the

discharge head. The rubber O-rings provide a good friction surface against the balls.

They contact the ball in two discrete locations of a controllable size, where as a

rubber pad would contact the ball in one larger location. This lends a degree of 'self

25 centering' as the ball passes through both wheels. The O-rings are also easily

replaced as the wear out, avoiding the need to replace a whole wheel as we do

today.

In one aspect, bore 186 of the discharge tube has a fluted inner surface 205,

as illustrated. The fluting allows a ball to be ejected from the tube without

30 encountering a great deal of air resistance or turbulence. The flutes act as a channel



The doubl e-wi shbone center ball guide forces each ball to travel through
the center of the upper guide w thout hanging up within the guide. Another
aspect ofwohelwunsp@n gui de that hel ps prevents bal |l | ansPC3/ush@in/os4263 upper
gui de's height and depth are sized to reduce the radius of the center bal
gui de radius to reduce incidences of 25 balls hanging up in the bend of
the ball channel where balls change fromgoing up to going forward as the
bal | s progress through the upper guide. The balls then travel through the
pi vot guide and into the head assenbly. Once inside the head
assenbly, the balls are engaged by a spinning rubber wheel. The rubber
wheel increases the speed of the balls and inparts spin to the 30balls as
descri bed above. A rubber friction block is nmounted in a fixed position
inside - [ I

Spi nni ng A elS P REERBRE S by KBl AR BB p bR bHBTRBEEEHT e
head assafrﬁig/tubatandtsﬂmws@lon dishgbinpeled balhtighblodsllawieg lired balbigagamsact tiee
spinningtwge$% &pi% t he spinning wheel grabs the ball and throws it
forward. ¥ THE é hative enbodi nent, the ball enters the 5 discharge
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discharge path, spin and so on.
The table tennis robot is operatively connected to a digital controller, as
shown in Figs. 12 and 13 and indicated by reference number 204. Controller 204
25 comprises a display screen 206 and a plurality of buttons 208. The plurality of
buttons 208 includes a power button, a number of buttons used to navigate menus
displayed on the display screen and make choices from the menus and a play/pause
button. A back panel of the digital controller has a power input jack 210, a serial
connector 212, a 5 pin female connector 214 and a DB-9 male connector 216. A
30 power transformer, as known in the art, connects to power input jack 210 to provide



30sel ection of a left and right l|ocation. For exanple, a setting of "L2
R18" wi |l cause -16- one ball to be placed at the left corner (2) and the
next bal Iwoeotb@spd4aced at the right corner (18); 0 or 1ramaisdoioosi2éate a
bal | angled across the left sideline with 19 O 20, one that is angled
across the right sideline. Positions 2 and 18 would indicate balls
delivered to the left and right corners of the table. 5Random settings
allow balls to be placed randomy at any position between 0 and 20, to vary
ball speed to nake ball go shorter or deeper on the table, and also for
wait time, so it's nore difficult to ggevelop a rhythm This nmakes the robot
server |less predictable and nore simlar to the way a human woul d play. The
digital controller may be reprogranmed with a conputer to correct problens
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can be included in a drill fjle.oA"Drill" node will have a set nunber of

st andar d g ?PP@OQ'ﬁS?mEaHO%M%F?rby the 20 digital controller without

having the di ¢f bFdrafiéH)toafs h@w .ﬁ@ﬁﬁ@@hﬁbe@%oﬂe@@r plafal T R ret theB@éH speed
and wait tinme for the drill be adjusted so a single drill wll be
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cannot be overwitten |'ast can be overw i tten, owi ng customni zed
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of opti ons. - THe ball sensor switch counts each ball as it passes the switch. The sensor
sends a signal to the digital controller to allow the digital controller to stop ball
delivery after a specified number of balls. The digital controller can also accurately
detect when there has been a missed ball pickup and then speed up the rotation of
the ball pickup mechanism to maintain a constant flow of balls through the robot
20  server assembly.

The double-wishbone center ball guide forces each ball to travel through the
center of the upper guide without hanging up within the guide. Another aspect of the
upper guide that helps prevents ball jams is that the upper guide’s height and depth
are sized to reduce the radius of the center ball guide radius to reduce incidences of

25  balls hanging up in the bend of the ball channel where balls change from going up to
going forward as the balls progress through the upper guide. The balls then travel
through the pivot guide and into the head assembly.

Once inside the head assembly, the balls are engaged by a spinning rubber
wheel. The rubber wheel increases the speed of the balls and imparts spin to the

30 balls as described above. A rubber friction block is mounted in a fixed position inside



The "Count/Tinme" option allows ball delivery to be controlled by the nunber
of balls (in Normal node), the nunber of repetitions (in Drill node), or

t he amburwoab1ivise@l The serial port allows robots to bePCirnisedownsgss her so
that all controllers can be 5 controlled by a single digital controller.
As one skilled in the art will recognize, any suitable serial or parallel
communi cations interface could be used in place of the serial port,
including but not limted to Universal Serial Bus or FireWre.
Additionally, wreless communication interfaces such as WFi or Bluetooth
woul d al so be suitable. The digital centroller receives a signal fromthe
ball sensor switch in order to 10 detect when there has been a m ssed bal
pi ckup. The digital controller then quickly accelerates the ball pickup
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The digital control al so i ncludes” Factory Default Restoration and
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"normal mode" when first turned on. Normal mode allows control of ball speed, ball
frequency (called Wait Time) and Oscillator position. Additional features may be

15 activated through additional "pages” of normal mode or by switching to Drill mode,
where various pre-set patterns of play can be activated. Alternatively, when the
digital controller is connected to a Windows personal computer, personal computer
mode allows the operation of the robot server assembly to be programmed and
controlled directly from the personal computer.

20 The digital controller uses Pulse Width Modulation to control motor speeds.
This will assure that a full 12 volts (or more) will drive the motors at all times instead
of only 1 to 2 volts when potentiometers are set to lowest speeds. This will help
prevent ball jamming problems, particularly when new or dirty balls are used in the
robot server assembly, and other low voltage problems that can occur with the

25  motors used in accordance with the present disclosure.

The digital controller allows for setting oscillation range and eliminates control
levers and control lever adapters. Assuming 10 is the location corresponding with
the centerline of the table, 0-9 positions indicate locations to the left of the centerline
and 11-20, locations to the right of the centerline. The digital controller allows

30 selection of a left and right location. For example, a setting of "L2 R18" will cause



The software programis installed on a Wndows personal conputer and
interfaces with the digital controller via a serial cable or other suitable
i nt erf acewOThr/sefstwar e program all ows a user to read amdTwrseae/ 0842531 s back
and forth to the digital controller, to create newdrills fromscratch, run
drills directly fromthe personal 5 conputer, and to save drill files on
the personal conputer. The software programcan also restore all 64 drills
stored in the digital controller to the original factory settings.

Fig. 15 shows a user interface screen of the software program A drill is
created using the controls under the {PROGRAMMED CONTROL" headi ng shown in
10 Fig. 15. A drill consists of a series of sequence steps. A sequence step

is created by first selecting a command using the arrows under the
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rel ati ve COBHPIEr gray Bﬁg@hrogr%ﬂmed B¥img CPEMYIIHErqorERH PrapIanes ¢r 29dImNg i n
dur atjiyon. Cagg‘g“tﬁ%eﬁ%é:@m@nd has val ues which can range fromO0 to 30, which
denote the spee which the ball is expelled fromthe server assenbly.
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Sel ecting, the open command will display a dialog box which aIIovvs t he user
to nadi géiﬂgé a} cpogtroller without having the digital controller connecied to a personal
computer. Ball speed and wait time for the drill may be adjusted so a single drill will
be suitable for a wide range of playing skills. The robot will come with 64 standard
drills installed. The first 32 will be factory default drills and cannot be overwritten. The
last 32 can be overwritten, allowing customized drills to be saved onto the digital
25  controller.
A "Normal" mode allows for individual control over motor speeds and allows
for setting the ball locations much more exactly, much finer control over the exact
delay between consecutive shots, and being able to stop delivery after either a
certain number of balls have been delivered or a certain amount of time has elapsed.

30 A "Set-Up" mode allows for calibration of settings and selection of options.



10 previously saved drill file. Once a drill file is selected, the sequence
steps fromthe drill appear. The spin and head angle are specified by
sel ect i ngvoem vabaes using the arrows next to the displ agedse@boess3 Spi n
may be selected fromtop, back, left, right, top/left, top/right, back/left
and back/right. The head angle ranges from1l to 13 and 15corresponds to the
mar ki ngs on the pivot guide Drills may be read fromand witten to
the digital controller using the controls under the heading "DRILLS ON
CONTROLLER' as shown in Figure 8. Adrill is read or witten by first
selecting the drill nunber using the gsrows next to the nunber. The read
button is used to read the drill currently stored in the digital controller
20 correspondi ng to the nunber sel ect ed Simlarly, the current drill
sequence can fs) t r
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corrputert d the "DRILLS ON CONTROLLER' feature, a user can readily

mai nt ai n ny nmore than 64 drills on the personal conputer, 25selecting
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a s in a ri a

e user is creatin drill. Manual control is
acconpl i SREH AL d%qlﬁjd”q Pt Qﬂﬁﬂ'mﬁé ﬁ&é’re%@g§ﬁ@al"%(?f Ire t pEFIEORAEN i ng at
the | ovenyirdiditcoffmiieatRalifeAasdtosMeniad WiFyuF Blubﬁ)oth w39|d also be sdiddlebove
exanpl es show_that the disclosure, as defined q%@lt e clainms, has far

rangi ng appl i 688 icitahaentEiBureseiss Baanal Hame dharBalksgnsop Syieh Bherslar fent s
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only to the explicit word the clains, al ms oudnot
limted te6celp@teretha loal W@lﬁ’b@@ﬁh@mfﬁ %Mel lﬁ \tqﬁ)é |l§|§eéﬁ|lai>’clatwalh tlfT%hl ch
represent,, W%}nb&%tt nodes of the disclosure and not the extents of
protection. e scope of protection is only linited by the scope of the
acconpanyi ng &’hmdawcemay ehapERpmdtakroregranindeesattiatéhe mengs & tive noenu hat
basi s. 's%fem may be displayed in English, German, French, Spanish, Chinese, and
15 Japanese. There is even a special feature where language can be selected even if
the digital controller is already set in a language that the user cannot read.

The digital controller may be set for left or right hand operation, so that drills
run correctly for left-handed or right-handed players. The speed and oscillation can
be calibrated to a known standard so that drills written for one robot can be shared,

20 and run correctly, by many other robots. The ball sensor can be calibrated to a
particular ball feed mechanism to eliminate missed or delayed pickups or double
throws.

A Ball Unloading special feature allows balls to be unloaded from the ball
trays or ball bucket. Activating this feature causes the ball feed motor to run at

25 maximum speed (170 balls/min), removing the balls from the ball trays and
depositing them into a box placed under the ball discharge hole.

The digital controller also includes Factory Default Restoration and Self-
Diagnostic special functions that restore settings to the factory default settings and
produce troubleshooting codes to allow a technician to quickly tell if the digital

30  controller is functioning properly.



CLAIMS: W claim 1. A robot server assenbly for serving table tennis balls
conpri si ng: a back panel having an upper end and a | ower end, said
back paneWohauiosgeda S5first side wall and a spaced apart Pseasaaods42e3 wal |
said side walls being perpendicular to said back panel; a ball feed
collector plate at the | ower end of the back panel and configured to
collect table tennis balls and direct themtoward the | ower end of the back
panel ; a ball pickup mechanismat the | ower end of the back panel and
orientated 10 toward the ball feed collector plate, said ball pickup
mechani sm having a rotatably nounted pgckup wheel and a ball feed notor
operatively connected to the pickup wheel, said pickup wheel having a
plurality of ball pickup structures extending fromthe pickup wheel toward

the collect or 1 %aéo?twdfl rParlt\)lg;ram is ?ns?ﬁll QSQ@&C’W%O\L? cYaual cﬁﬁg)hjfér értbe bagk

panel , said ba ng a open om and n open
front covraierfatetsaml‘remetd)gltetheommﬁler parebseriecablg ca othdrsudale alterfadd. shreped

CLoee > b A4 G0N S S DRSO, B R R3PS e
conmuni c&bnmoilewl tch ctéate oendhiitg from efratdme rbaldrullgmumetl)amd)na tlse pergbnapen end
'n co %%%tu er, and rtoh sg\peedﬁl?%'lleszo ieC|cI)<eurgona compu?er The software program
can also restore all 64 drills stored in the digital controller to the original factory
settings.
Fig. 15 shows a user interface screen of the software program. A drill is
created using the controls under the “PROGRAMMED CONTROL” heading shown in

10  Fig. 15. A drill consists of a series of sequence steps. A sequence step is created
by first selecting a command using the arrows under the “COMMAND” heading. The
valid commands consist of position, throw, wait, beep and speed. When a command
is selected, the next consecutive sequence number is automatically added by the
software program under the “#” column.

15 After a command is selected, a value is assigned to the command using the
arrows under the “VALUE” column, or by using a pointing device to select the text
under the value column and a keyboard or other input device to input the desired
value. For the position command, the value ranges from 1-20, and denotes the
location where the ball will be thrown with respect to the centerline as described

20 above. For the wait command, the value ranges between 0 and 12.75 seconds and
denotes the time in seconds to wait before the next ball is thrown. The beep
command has a value which contains two comma separated values, each ranging
from 0 to 10. The first value controls the tone of the beep and the second the
duration of the beep on a relative scale of length from 0 being very short and 10 very

25 long in duration. The speed command has values which can range from 0 to 30,
which denote the speed at which the ball is expelled from the server assembly.

The “EDIT” column consists of four buttons labeled “C”, “P”, “I” and “D”. The
“C” button is used to copy the command and value from the corresponding sequence
step. The “P” button can then be used to paste the copied command and value into

30 a different sequence step, creating a new sequence step. The “D” button is used



a pivot guide pivotally nounted at the open front of the ball guide and
havi ng a passageway i n comrunication with said open front; a
servi ng hwadoussedl y attached to the pivot guide and cecprisséngysess | east
one di scharge wheel and a discharge tube in comunication with the pivot
gui de 25 passageway; and an oscillator at the top of the ball guide
and operatively connected to the pivot guide, said oscillator having a
servo and pivot pin arranged to nove the pivot guide and the attached
serving head assenbly in a side-to-side pattern when the servo is actuated.
-22- 2. The robot server assenbphy of claim1l wherein the front cover
I's constructed froma substantially transparent nmateri al . 3. The
robot server assenbly of claiml wherein the ball guide further conprises a
center guj 4.1 afy» ¢l aj el . nt er

gui de. hadelsfeisctnbd 3 AL ifedBnGEY teohr GuBbr P¥ EilBn \OBGET T
cl ai m 3 wherasiten atriesv sequtence gtepdeefbessthe segsikbom stepomtficly corespomds to the 6.
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graphical symbols so the software is more universal among supported languages.

of

5 Drill files may be saved onto the personal computer for later use by selecting
the Save command from the File menu. A dialog box will then appear which allows
the drill file to be given a distinctive name. Dirill files which have between previously
saved can be recalled using the Open command on the File menu. Selecting the
open command will display a dialog box which allows the user to navigate to a

10  previously saved drill file. Once a drill file is selected, the sequence steps from the
drill appear.

The spin and head angle are specified by selecting new values using the
arrows next to the displayed values. Spin may be selected from top, back, left, right,
top/left, top/right, back/left and back/right. The head angle ranges from 1 to 13 and

15  corresponds to the markings on the pivot guide

Drills may be read from and written to the digital controller using the controls
under the heading “DRILLS ON CONTROLLER” as shown in Figure 8. A drill is read
or written by first selecting the drill number using the arrows next to the number. The
read button is used to read the drill currently stored in the digital controller

20  corresponding to the number selected. Similarly, the current drill sequence can be
written to the digital controller at the number corresponding to the number selected
on the program screen. One skilled in the art will recognize that by utilizing drills
stored on the personal computer and the “DRILLS ON CONTROLLER” feature, a
user can readily maintain many more than 64 drills on the personal computer,

25  selecting which 64 are present in the digital controller at any point in time.

The software program also allows manual control of a number of balls to be
thrown and the time between balls as well as the speed and direction of the balls.
This would be used to test the speed and position of individual balls in a drill as the
user is creating a drill. Manual control is accomplished by using the buttons under

30 the “Manual “Control” heading at the lower right of the screen shown in Figure 15.



10col l ector plate is orientated at an angle relative to a |ongitudinal axis
of the back panel. 7. The robot server assenbly of claim1 wherein

t he di schwiogelttasb@ihas an i nner bore with a | ongitudi nalPCy/uskapes42stir f ace.
8. The robot server assenbly of claim1l wherein the discharge tube has 15at
| east one opening forned therein and wherein the di scharge wheel extends
part way into the opening. 9. The robot server assenbly of claim38
wherein the discharge tube has at | east a second opening fornmed therein
opposite said first opening and a second di scharge wheel that extends part
way into the second opening. 2010. The,yobot server assenbly of claim1l
wherein the di scharge wheel has a pair of opposed rins, each said rim
having a hi gh coefficient of friction covering. 11. The robot server
assenbly of claqj i C r re. i ent
fingers. Lr% %gjv%g&ﬁg%&gﬂg\g&aérthgsog%ﬁé # a#rn%a b%q&gca"'r'%ﬁﬁ %ée bal |

pi ckup stfau@ngngsapplication and should not be limited merely to the embodiments shown

and described in detail. Instead, the disclosure should be limited only to the explicit
words of the claims, and the claims should not be limited to the detailed

5 embodiments shown in the specification, which represent the best modes of the
disclosure and not the extents of protection. The scope of protection is only limited
by the scope of the accompanying claims, and the Examiner should examine the
claims on that basis.



25conpri se springs. 13. The robot server assenbly of claim 12
wherein the springs further conprise at |east three springs, each of said
springs beonrglalea1di fferent |inear dinmension, at | east POmAISed109842d3 spri ngs
having a forward section disposed at a 90 angle. -23- 14. The robot
server assenbly of claim1 further conprising a digital controller that
operates functions of the robot server assenbly froma nenu of functions.
15. The robot server assenbly of claim 14 wherein the digital controller
5further conprises: a display screen, a plurality of buttons and a digital

I nterface; the digital controllef. operatively connected to the robot
server assenbly through the digital interface; the digital controller
configured to display nmenu choices on the display screen; 10 and t he

plurality of %y_kmgs configured to select particular nenu choices
correspondi ng To operating nodes of the robot server assenbly.
We claim:

1. A robot server assembly for serving table tennis balls comprising:
a back panel having an upper end and a lower end, said back panel having a
5 first side wall and a spaced apart second side wall, said side walls being
perpendicular to said back panel;

a ball feed collector plate at the lower end of the back panel and configured to
collect table tennis balls and direct them toward the lower end of the back panel;

a ball pickup mechanism at the lower end of the back panel and orientated

10  toward the ball feed collector plate, said ball pickup mechanism having a rotatably
mounted pickup wheel and a ball feed motor operatively connected to the pickup
wheel, said pickup wheel having a plurality of ball pickup structures extending from
the pickup wheel toward the collector plate;

a ball guide at the upper end of the back panel, said ball guide having a open

15 bottom and an open front;

a front cover attached to the back panel having a substantially U-shaped
cross-section, said front cover and said side walls of the back panel defining a ball
passage, said passage having a first open end in communication with the open
bottom of the ball guide and a second open end in communication with the ball

20  pickup mechanism;

a pivot guide pivotally mounted at the open front of the ball guide and having
a passageway in communication with said open front;

a serving head assembly attached to the pivot guide and comprising at least
one discharge wheel and a discharge tube in communication with the pivot guide

25 passageway; and

an oscillator at the top of the ball guide and operatively connected to the pivot
guide, said oscillator having a servo and pivot pin arranged to move the pivot guide
and the attached serving head assembly in a side-to-side pattern when the servo is
actuated.



16. The robot server assenbly of claim 14 further conprising an interface
bet ween a personal conputer and the digital controller and a software 15
progr am avbaes/@easer to performone or nore functions gerast@dos426n t he
group of functions consisting of selecting a | anguage, reading and witing
drills back and forth with the digital controller, creating newdrills,
running drills directly fromthe personal conputer, saving drill files on
t he personal conputer, and restoring drills stored in the digital
controller to original settings. 2017. The robot server assenbly of claiml
further conprising a tray and net assepbly for capturing balls and
directing themto the ball pickup nmechanism 18. A robot server assenbly for
serving table tennis balls conprising: an el ongat ed back panel and

having an upper e”ﬁn&‘gg & LQEr a@E%mbrg bt CRim2 PSS ehfile %ﬂhacg?;&a?sf"d apart

second side wall de  wal | per end| curar to sai ack panel ;
a ball f eedstaait¢cirdmra $1Jbstaintlaliy lrmsdaoem"naa*emialof t he back panel , said

COlLeELer B ek NG A S RBEBIELEED AT b B PR o
tennis b&bhmna&dadenmcgumben130 toward the | ower end of the back panel
;)r2|4-ent5at ed toa/gl l fl C%ﬁF ggrgga%gsgaq te%f:(g?e'mpf\l\ﬁgre'% engelg qgu&a%& chngjsm
conpri si RBape tOHfRfupdiloy.. mount ed pi ckup wheel with a plurality of ball pickup
structures thereon outmardlx/extqu”ngft m%rdw h?,#%%l fﬁep ﬁolugctor
pl ate, at | east onBN%fOROhSEMEH@ESEmDly of claim 3 wherein the center guide has a

wishbone configuration.

6. The robot server assembly of claim 1 wherein the plane of the ball

10  collector plate is orientated at an angle relative to a longitudinal axis of the back
panel.

7. The robot server assembly of claim 1 wherein the discharge tube has
an inner bore with a longitudinally fluted surface.

8. The robot server assembly of claim 1 wherein the discharge tube has

15 at least one opening formed therein and wherein the discharge wheel extends part
way into the opening.

9. The robot server assembly of claim 8 wherein the discharge tube has
at least a second opening formed therein opposite said first opening and a second
discharge wheel that extends part way into the second opening.

20 10.  The robot server assembly of claim 1 wherein the discharge wheel has
a pair of opposed rims, each said rim having a high coefficient of friction covering.

11.  The robot server assembly of claim 1 wherein the ball pickup structures
comprise resilient fingers.

12.  The robot server assembly of claim 1 wherein the ball pickup structures

25  comprise springs.

13.  The robot server assembly of claim 12 wherein the springs further
comprise at least three springs, each of said springs being of a different linear
dimension, at least one of said springs having a forward section disposed at a 90°
angle.



5 pickup structures being a resilient finger, and at |east one of said bal
pi ckup structures being a spring; a gear drive assenbly and a ball feed
not or opewatzhudlsyedassoci ated with the pickup wheel, PCT/USa010ab4258ui de at
t he upper end of the back panel, said ball guide defining an open bottom
and an open front, said ball guide conprising a central ball guide 10
havi ng a wi shbone confi gurati on; a substantially transparent front
cover attached to the back panel having a substantially U shaped
cross-section, said front cover and said side walls of the back panel
defining a ball passage, said passagejhaving a first open end in

communi cation with the open bottom of the ball guide and a second open end
in 15conmmunication with the ball pickup mechani sm a pivot guide

nounted at the,opeq, g4 n

comuni cat i on?avl tht er8§(%)te%ér %Jc:ntsg%byh gﬁl’\qn‘gdp@‘){ér g%.rlﬁ @a%g%%‘yade bei ng
pi vot al | yontoller etdak opamitaso funetiomss abltkee iroba serder aissesnioly fpnntzernnenuao{serw ng
head assef\nlﬁcl ¥ gi votally attached to the pivot guide so as to be 20 noveabl e
in an up WNEdSwWn manner, said serving head assenbly conprising at | east
one di schar ge1dheeThansha sdinse haesgmbtyubie cliaim clanwhaietrathieodigitalt boritivdlepi vot

gui de _passggeway; .and an oscillator at the top of the ball guide and
operatsl vi‘l‘@%é&ﬂﬁ@{:@%% to the pivot guide, said oscillator having a servo
and pivot pi naafsrpﬁ?dmﬁeéro armur@mtyfwbpttdrwarguad@utaﬂﬁteafadethe attached serving
head assenbly in sjde-to-s iyern when t he servo is actuated. 19. The

robot server H’Seséif%t?k/ CB?”‘?,”eél ‘?ﬁeig“ CRBIC P LPNnEPPA! tﬁ%‘fﬁrnﬁss\ﬁ“}kw
friction t}l%ggﬂftm,g,lf@,mgﬁﬁﬁéﬁg, sal d friction block being positioned

adj acent the di scharge wh 20. The robot server
assenbly of clng¢ioia cmtéqll@ir ﬁO@f,géJrQq ocdigp!gemenu choices on the display screen;
10 and

the plurality of buttons configured to select particular menu choices
corresponding to operating modes of the robot server assembly.

16.  The robot server assembly of claim 14 further comprising an
interface between a personal computer and the digital controller and a software

15 program allows a user to perform one or more functions selected from the group of
functions consisting of selecting a language, reading and writing drills back and forth
with the digital controller, creating new drills, running drills directly from the personal
computer, saving drill files on the personal computer, and restoring drills stored in
the digital controller to original settings.

20 17.  The robot server assembly of claim 1 further comprising a tray
and net assembly for capturing balls and directing them to the ball pickup
mechanism.

18. A robot server assembly for serving table tennis balls comprising:

an elongated back panel and having an upper end and a lower end, a first

25 side wall and a spaced apart second side wall, said side walls being perpendicular to
said back panel;

a ball feed collector plate at the lower end of the back panel , said collector
plate having raised a perimeter lip and positioned at an angle relative to the
longitudinal axis of the back panel so as to collect table tennis balls and direct them

30 toward the lower end of the back panel;



tube conprises a cylindrical wall having a fluted inner surface.

21. The robot server assenbly of claim 18 further conprising a discharge

t ube haviw@ 2at11apbé4mdri cal wal | defining a bore and havi rgTaISRIWSE426PeNni ng 5
through the wall into the bore and an opposed second opening through the
wall into the bore, and a first discharge wheel extending into the bore

t hrough the first opening and a second di scharge wheel extending into the
bore through the second opening.

24

a ball pickup mechanism at the lower end of the back panel and orientated
toward the ball feed collector plate, said ball pickup mechanism comprising a
rotatably mounted pickup wheel with a plurality of ball pickup structures thereon
outwardly extending toward the ball feed collector plate, at least one of said ball

5 pickup structures being a resilient finger, and at least one of said ball pickup
structures being a spring; a gear drive assembly and a ball feed motor operatively
associated with the pickup wheel,

a ball guide at the upper end of the back panel, said ball guide defining an
open bottom and an open front, said ball guide comprising a central ball guide

10  having a wishbone configuration;

a substantially transparent front cover attached to the back panel having a
substantially U-shaped cross-section, said front cover and said side walls of the back
panel defining a ball passage, said passage having a first open end in
communication with the open bottom of the ball guide and a second open end in

15 communication with the ball pickup mechanism;

a pivot guide mounted at the open front of the ball guide and having a
passageway in communication with the open front of the ball guide, said pivot guide
being pivotally mounted so as to be movable in a side-to-side pattern;

a serving head assembly pivotally attached to the pivot guide so as to be

20  moveable in an up and down manner, said serving head assembly comprising at
least one discharge wheel and a discharge tube in communication with the pivot
guide passageway; and

an oscillator at the top of the ball guide and operatively connected to the pivot
guide, said oscillator having a servo and pivot pin arranged to move the pivot guide

25 and the attached serving head assembly in a side-to-side pattern when the servo is
actuated.
19.  The robot server assembly of claim 18 further comprising a
bushing with a friction block on the bushing, said friction block being positioned
adjacent the discharge wheel.
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20. The robot server assembly of claim 18 wherein the discharge
tube comprises a cylindrical wall having a fluted inner surface.

21. The robot server assembly of claim 18 further comprising a
discharge tube having a cylindrical wall defining a bore and having a first opening
through the wall into the bore and an opposed second opening through the wall into
the bore, and a first discharge wheel extending into the bore through the first
opening and a second discharge wheel extending into the bore through the second

opening.



