od is ¢ length of €ach lq
°P is e foc;"o'on VectoY of e platfom

* Displacement vecior: In orier 4o move from the bose frome 3¢,y2 +5 te platfors

Frame Np, Op, Op Ha following Vector Sum i§ veauired,

O+d-b=f — JdJ=P+b-a

P= Fa a= oo, Tp’— RnyRz I,
Py You,i Yo,
Pz Zon y
= e Ll =8
u;:;j a O’ =40’ oYvongament:
~s3 hs3
A, — 00
SCRE Rt
k y a2 g & y
A A; —>120 A 4o
’x' A, A"_—> "O: a A,
ARg— 240
A.—> 280
As As
he

Qx =acos(Ah) oy =aSin(A)

Oux 20C05(0) A y=asin(o)
Qax :OCDS{AO) Oay=a Sin{40)
03x2005(1%0) a3y =asSn(130)
O4¥x 20Co5 (160) Ouy =aSin(166)
Ogx¢ =0C05(%40) Ogy=asin(240)
O¢x =0Co5(280) Asy=aSin(280)



6,— o
Bauo’
83 —190°
Be > 160°
Bc—> 240"

B — 280°

By

Qx =acos(h) oy =aSin(A)

bixx=2bCo8(0)  bivy= bSinlo)
bax = bCoS(LO)  bay=zy Sinf40)
bax 2 b5 (190)  bay = bSm(120)
bex = 5Cos(160) by = bSin(160)
bex =bCo5(240) bey= bSin (240)
bex =hCo5(286) bey= b Sin(280)

I o.-; 1
e _f; [ bie| [oug]
diy|=| Py| +R, RyRy| biy| = |aiy
diz fz bz| |02
ida 521 baUa 155 =

1dil = \Id;,;’l +diy’ +d;2

B3

*k: Servo ovm lensu.
o /2 L;nsu. ot vol c.onnecﬁnj Servo to He platform
°d: Leq Lenwth Coleulote) §vom He inverse Kinemates

* P Servo Rotation hngle

gv



ok = KCOS(B)CoS(X) + Hoa ©
Yok = k€S (B)SiN(X) + Yoa @D

. Zok= KSP) + Zan ®
|31 =d*=10b] -|6d|  |ak| =k*=|sal - |6K| 5
RS =
QL=f+RA
Oa = 6a

2 Y T -
L'= kbl =|ob|=|OK]|

;. d2 = (o, = Xoo) + ““_y“)a’_ (Zob ~200)
Kk*=(3¢0a = Xok)*+ LYoo = Yor 3+ ( Zoa=Zox) ™
LQ: ()LOB "‘Ok,)i +( Yoo - yo")z +(Zot~ zo'r)z

(10: + y; $ Z0c) +(xot f’o‘t‘l'zci) = l(xoaJCol, + Yoo Yoy onaZoL) =Jz &
(oo + Yo + 265) + 0K +Yor +Zok) = 2{Xan Xok + Yoo Yo +ZoaZok) = k2 ©

(top + Yop # Zow) +0Cok Yok + 20k) = 2(Xop Xok + YorYox +ZowZoK) = L2 D

®-®-0 :

9%= k2= 1% -2 (ox Yok +Zok) = 2(XoaXoy + Yoo You +ZoaZor) + 2(XanXok + YoaYor +ZoeZok)+ 2 ey Xok + Yo Yor +ZowZo)

fr \

42 KL%z = 2(302 #Y0 +201) #2300l Xox o) 1% el Yok = You) + 2200l Zok =20t ) + 2 (3 04 )Xok + Yo, Yy, + Zoy Zot)

{

"9 ok + Yo t2ac)t2 Hoo(KCOS(B)COSLO) )00 = Xob) t Yoo (KCOS(BISin(o) + You =Y,5) +
2Zou(kSinlR) +20n =Zat) + 2Xoy (kcostB)CHAL) + Xag) + 2 KOS (R)SINOD Your) +
2 Zoy (KSin(B) +Zoa)

"2-2(%ok + You F2Zar)* 2oo [ KCOSR)COSLE)+ Xoa) 2 Yoo { KCALBYSInL oY+ You) + 2200 (KSinLR) # Zon)
=2 %5620 = 2 Y5604 = 2 ZoaZot t AXoa €0+ Loa Yo, 2206 Zayd 2 Lok k8 (R)CoS (or) +2 Yoy k Gt (B)Singy)
+ QZ“KS‘I'\LQ)



"2=0 (Uok +Yak + Zod) 2000 [ KCOSR)COSLE) F Xoa) 2 Yoo { KCABLAYSI AL &Yt Yus) + 220 (KSin(R) # 2oa)

4+ 2200k CoS(RYCOSCn) + 2 Yo kCosB)Sinfox) + 2 204 KSin{B)
s;mlifj
]

N\

2=2 (2ox Yo + 230) 2 (o + Yoa t 205 )+ LXoak COSIB)CoS L&) +2 Yoak CosLPISIA(EN) +2 20k Sin(h)
4+ 2oLk CoS(RYCOSC) + 2 Yo kCUB) S infex) + 2 20y kSin{B)

: SimPli by |

=2 Xom + Wi + 23 )=-2 [ (KCOSLB)CSL o) +20a)> + (keI BISinCe) + You) + (kSin(B)+ 200)]

Nz -2 [ K2 co(8) Costo) + 2K Xon COR(B)LA() + Han + KcotlB) S in*Loe) + 2K YouloS(B)Sin{sc) + %03
+ KSifCB) + 2K ZooSin( B) + Zan ]

\- -2 KPco (B)CAL 8¢) + K2 cOCLB) SIN*(0) + KESit(B) + 2 KICaaCoSLB)COS (o)t 2k Y,. € (RSN )
+2kZonSin(B) + Non + Yo +252]

Cos™(e) + Sin*(od= |  CoS(B) + Sin*(R) =1
ThiS ge4s concelied
T LK + 2k anCosLB)CALO) 4 0K Y0 COSLBISINL) + 2k 20 $in(8)] =2 (X E #Y,a +201)
&l from =2(%on + Yoir 4 Zov)
2w 2 [K® + 2k Co5(B)CHLE) + 2K Y5, COSLBYSIN(&e) 1 Ak 2o Sin (8) ]+ L X 0ok COS(PR) CoS Lix)
+2 Yook Cos{PISIn(ex) #2200k SinfB) + AXobkCoSRYCOCx) + 2 Yor kCas(B)Sinler) + 2 Zou kSin(P)

% Note: -2x3k20a SiN(P) + 2Zoak SIN(R) = =2KZoaSin(A) ¥

"2 ~2K*- 2 k Xoa CoS(RYCA( o) =2 K Y,5,C08(B)SI Nl &) = Ak 200 Sin(B) + 2K XoyCas(RIC8L)
+ 2Kk YouCo8(E)S i) + 2K22,5inL P)

T e 2K+ 1 kcostBycosla) [ o) ~Xou] F2kCoSIRYSIN(a¢)[ Yoo~ Yoa ] T 2kSin(B)[ 20y~ 20e]
3 K== 2 kot (B)CoS(x) (3toy=Xoa)t AKCOSLR)SiN(X)(Yob=Yos) + 2k Si 0 (B)( 2o4=Zon)

3% +k*=L2= [k CosLox) (3o, ~Xos)+ 2K Sinler)( Yo, =Yoo) JC08(B) + [2Kk{ Zoh=Zo0w)] Sin¢ B)

Msin{B) + Neos(R)=P — | P= J%k2-13

Msin(B) + NCoS(R)=vsin(p+ x)
Sn(A+30) = SinlB)Cod(x) + Sin()CcoS(R)
Msin(B) + NCos(B) = ¥SinlBICoS(x) + YSin(s) CoS(R)

M=v¥coS() 2 Yn(x)

o’ () + S¢x) =1 ——> M+ N® =v2cos’ (0 + Yisin'() — |v=[M*+?




Ysin(x) = tanlxX)= N —|ax= tcm"<_N_)
¥ o5(x) [\ M

s MSin(P) + Neosip) = [M*4 N2 Sin(rs + ban.‘{%))

MSin (P) + Ncos(P) = P = d*+ k*- .*

M+ N Sin(rs + tan“(%)) = P— Sm(ﬂw ton'(%)) =5 7P
YR

P=dl+Kk-L?
P Sin"( P ) = tan"(i) N =2k (Zow,; = Zoa,i)
M N2 I M; = 2KkCo8( 0¢;) (Xow,: = Xoa,;) +2kSinloe:) (You,i =~ Ya,;)




inol Greomest :
w.inj a Lo’=80° arrangement for Servos :

(53

Aw, As

v, [\

A,

K¢ Ao ke

Real World (Constroims

¢ The Sarvos ploced at He Corners of i hn‘ajm s not practiced

* To make it more feosible, He Gedyos will be placed in pairs along ¢ longest edges ot e hqujo,,

Bl =R- [5,
Baz Ps

A, A =(70-9)
As = (Fotwo)t§ = (11618)

Py= M-Ry \3

By 2 By A,:(?ou.o-}&w)-s: (190-8)

B =T -Bg Aez (Fotiot80t 40)1S = (230+§)

Be = P Ass(?oflro+80+bo+8o)’5=(3b-s)

A, 3 (350+)




e’: vi+2 - vLLases)

az le‘-r r'=2evcosliv0) &= c.os"(a‘i\"-e’“) T is He distance from edge Of plaffor fo Sevwo axle
il oY IS dte YollS of He Livie

™, Aat (130-38)

®,= A, + (23015)
A,_ ( v e " A| (] (]
e ,
K \ {
Sots "3
: R x=A, 4 (Sot+8)+ 180
’Y = 2= As + 180 = (5045)
q . a o, Ay~ 180 +(So+8)
: X« =0
R otc = 180
o X, = A -(so+8) =180
A
xy= AYA 18-1%0)
N NG o] R e T el T R e s >
i S ZANESS el L \as X o 2Ac=(230t3)
e awoo! = : ¥k € \¢
& 8 7 8 - Ac = 1go=~(vots)
s
70
S Ae =(23615)
e Sedg ( e
T LN AT = As=(I3e-§
ﬁw e =Ae=-(23019) &us /
4
Az (30-8) ™, = A+ (230+§) ¢, =300
Aaz (1O +8) g = Aa +(130=8) o®a s 240°
A 3= (190-8) ——  wy=Agt(s=13) T | k1260
A,:ugouf X = Ae =(230+8) oty = O°
A;=(3lo-3)° g = Ag'(l”-S) (¢ = 180°
A¢ = (3504 8} s = Ac=(230+8) ol = 120°




The “Home" orienterion for #e platfam Can be defined with & Conditions:
(1- The push=ro) is petpendicalar §p e Sexo okm

(2-The Plottorm iS Lewel ond ywye ore Nno Yotations Glbout de lm’nc.'fd % Y,2 axes.

Per yoa above conditions, de “home" pose  fot de plotform con be m.-«..mtizol‘t, as fellows :

0- 3% 2+ K

(2 Ox=0 Oy=0 Bz=0 — F= Fe = ho

1Tl =-loal + lhel +|b] —  Go=|Xm; b=z|%:| hez| O
b,.l yb,.l 0
Zoo,) Zy) ho
=522 i B

dix b.x Oix 0

diy by~ |ay|t| 0 |—d= [a2 +dy +d2 :J (Ko, = Xou '+ (Yo, = Yoa,i) + (Zs,i=2Zoa,i+ he)'
diz biz Qiz ho
| | | |

B2l Kt LM+ k2 =i~ Lowi )+ (Vi = Y00,1) + (24 = Zowyi + ho)*

(Zoi=Zoai + ho) = L34 K= (304~ am, Y=Y = Yoo, i)

.. ho =»JL‘+ k2= (3,; = Xoa,; )"‘(ys.“yoa,i); + (Zoa,i= Zb,i) — Zoa =0 by, |"

Msin(B) + Ncos(R)=P — | P= % k2-02

Zoy = hb TaETL MO,i :Qk‘ho- zw)

ﬂo:&'m.‘ (#) - tom"(um' ))
No,; = Xkcostrx;) (Fop = Xoa,i)+ 2K Sinlox;)( Yo = Yoa,i) Mo, > e o> Mo,i




A’ A Al

Pz| Px| Oz=pm;| b= RxRyRz|o,
Py Y1 Yo,
Pz Zoo,; Ze,i e )
o] o efz | Wikl e e — N\
Woa,;i = aCOS(A)) — Q=100 mm
Az (30-5Y, Az (11045Y, As =(190-55, Au = (23045f, Acs (3l0-85 A= (350 8F As

Xppi =bSin(R) — b= 32.15¢ mm

B.=85.45° B, s94549° B3 =305.451°

B:=33.49%" B, =141.05° B3 =2153295°

L=1g. 1185 r™
$:46.36819°
A c63.¢ch#
Be2ltrut®  Bg=32S.451° Beo3%.544° ——> Small edge
B2263.05° Bg=217.95" B.223.05° —>Modified Lom edge

’- -
a =€+ v*-2evcosliu0) —> | &= Cos

'(q‘iv‘-z") 08 is He distanee fom elge Of platfor to Serwo axie

e=22.55mm Y = 100 MM 3o oY IS de Yol ot He Civeit
ks
dix Fa Ay, Ao,
dig | 2| Py| *RxRyRz|yyi | = [Yhoi| — [di= léx,? tdy; #da;i [“leg Lengk
diz Pz 2. Zons
Pl St P s O R A
Servo Anme:
P= a% k2= 2 | Ni=2kcostrx;) (Xop = Xoa,:) + 2K Sinlo;) Yoy =Yoa,i)| | M; = Ak(Zob=2Z00,:)
°(.350°°
™as 240°
= l *31360°
DA YT, W e i tan'(_& — *d: LegLengk ot = 0°
W ; ok:Sarvo arm lems o = 180°
oLZConnccﬁnj Yol lengh, ol = 120°

* Home fose:

Px =0, Py=0, F;= he, Ox=20,0420,8:. =0

.. ho =JL‘+ K2~ (3,; = Xoa,; )"(Va.,iﬂaa,i)z + [Zoa,i- Zy,i)

®* Home Seriv An,k-'

LPlattarm home he igh¢

Mo =K ho-2an)| | Noji = 2KCOSCDK;) (X0 = Hom,i) + 2K Sinlox;) Yo =Yona,i) |  |DX; = M; =90

Bozsin’ (#) - two"(ﬂm‘_)
\I Mo,;;‘l’ﬂo,&a Mo,

J. - J (Xb,: - xw,i)li‘(yy,; - y“’;):.+ (Zb,i -200,; + h.)t




In order to qet He ball +o He centre of He platform, He pPlotform muset Le vototed about an axis
3 P

pexpendiculor to o Life from die oh‘a.’n to ¢te ball. Given +tor ya 3¢9 poSition of dte boll is known, a

WAR Vector \-epresw'-g e Yeawired votorion OXS Con be  Jorived Mathemer ically.

Ol by = [(3ty=0)*+ (Vo)
5 y
'a (% -0) Ay
*Line by is ferpen.\icdot to He vequived axigc of Yotation
qrolitit ot YeUuwve) QXig
My, x My==l — My=s =1 - -
mba y‘
*. Euetion OF He axist Y=Y,z M (3t=2) —> y.—.-:;_..x
b
oThe desived anis of vorotion 16 Q@ Unit VeCtor:
D\: hx.’.; + us,j — 'ﬁ": |U3‘1f I.l;‘ :'
o +o m2
ton(®)z=AY —> tan(®)zm —> Uy = tan(s) =M, o
A Ux
Dy ==2, —> ly==UxXe = Mylix
Usx Y y‘
W2HuRmd =1 — ug(14Md)= P—ul= —> |Uy= Uy= - Uy Xg
(1 + M) (1+ i«‘_) %
ij:"_ ;‘ ( i -lh..\) _’Tk s.ujﬂ of Hw ox's unit Vector Comporents  con &
- (H' %‘;) y‘: Chosen base} ON 4w Gladvent He boll 1§ in,
b

Quatemions ave UL =-dimensiona) madtmetical obiecs Hat Can be Used ko yepreSent Yota+ions. Thcd are
Closely velak) to #¢ Axis-angle Yepresentation. The Structure Of o Nuakernion 18 o8 follows ;

5 () A
V=G5 4+ Y11 + V) + sk

A Yotation ducsernion Can be obtained from He axis=ongle vepreseppat ion!
= 5 ~ ~
W=Uxl + Uyl + Uzk

e L e e

LY UaSin(O)i + UySinfe)) + UzSinlOYK +Cos(o)




Case | Cosed Cosed Casele
y J Y Y
Gle ) 2,9, |
bd
by
-x ¢ t'2 =A< > =X ¢ ¢ [=)e X
5]
T N '(3‘6,”5)
-y =Y. (.xb'.yb) -y =y
-Ux  +6 +Uy -0 -Uy -6 +Uy +06
A Y1 | \ on

40+ - 92-95) (9% - 2%%)
R =| (20,9 + 26%) (9, -9+ 9a-as)
(9-%,“’, = 2q’aq/z) (9-‘],& nfs"’ 2afocv| )

(2$ (] Ws + ﬂ*ﬂ”&)
(9-‘},_‘]/3 i3 2q’0q’| )
(4.- a7 -q5+as)




® PID cortrol will be utilized to Keep ke Lell at die Cenire of de plerforn

’MM oYe ) ofproolies ot coul be L to .\u‘sn e CON*rol Sysiem’.

0 -Quasevnion ased PID . - Campuees | axis of Yotation veanred £ dte ball +o ge+ +o dte centre
= Requires te Euclidion distonce OF te comre of s ball +o ste pltform

Centve Qs He Comrol ippit.

(2 - Rotaron matix Lages PID:= Reamives 2. sepavote PID'S ko COMmL  He bodl's Hand Y posrtion
- Uses a Rotution akout d1e X =axis cnd YOution abosit He Y -axis

40 Comtwl +e pw#orm.

P = Kpe (t)
A
A\ t
OldElatiorm Grientation From Platform Centre o by ], 0 Higds £ by New Platform Orientation From Platform Centre —

- +

. de(t)

D=Ki——

M

e

x"'/ yb_ > E

Rotation Axis

PID

Viatevrnion

Roia-t'ool Mortrix

Leq Lengtis

Sevvo Angles

Orive Sevvos

‘_Mo Aottorm Oviemation

New Lot Position




( @puur Vision

Object detection is Comprised of 3 processes:
(- Obiect s acxnowtesges/dorecees

(- obect is Classitied (obiect type)

(3-Obsect is localized ( LO'AM'MJ box)

Gtenaaug, Modin  obiect Jedection algoridhms use Convoluid Newral Metwerts 0 proCess imaged
The Netaork necds 4o be Hieintd Widy impwt Jdata,

[\’a’m.'ﬂ3

The networx is fe3 with imoges dbat  hoe :

(1 dte desived obiets with manuady dmwn bounking boxes
@-Obeck Clatses cpecified.

The CNN  toves in inputy  of .'Mc.ges ond Outputs o VecCtor N e fonatm'nj form

Pe P"Obﬂbil"jd 4ue class

Xc IL-Coordinate OF bounding bOX_Centre
Ye | = |Y-Coordinate OF bdm.li'g bOX Centre
Bw Bouning box wH

By Bounding Lox height

£ Object closs 1
ekl Okuecy class 2 2

HCHC(, e {:m}nivg i/ho.aa Widt o.aw:n] boxes Must be convevied 10 dte alove forrat

Lnout Loyer OwPut _Layer output Lagey

@§§ é e

5¢ Ns,

XRK t

X E : E L)) §
/

N
— J

N

;
G

Wdden la’(r Is wheke

¢ {eatule extracean
occets



I3 lgor

* Dividey Me imge into quid segmentf
* A vecror is Jefines gor each grid cell

'Oﬂg qud cellf ot contain Lotméi'y box Cemrel hove a Veardor vr* a oleg \""l-%)l."r,
st(qu duoh 2€X0.

eq cela;| O Celt¢e: OD Pe !
3 B AE x| |=
- X, y‘ = yc
> —_ Bw |
% B, |
- C' '
= Cs o
] 4N)) = _’cclcdt )




