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s, 47 Aol BEE 4] TEG ] AAHE A2,

AT

A7) 25 o]l FE AU AW ZRAA F 2R S o Y] 2EDE Y] "l 1AA717] ) 7zt
o A% Aelolr Aol 247t BAE 4 Ao AF M A

S o x3h3bar;

47 AR R Y] 2ES gl A EE 4] ADE P2 Y AFED G o8 AofHE A

B9 FI-g o] AAHE ASBAE Aojatel AUAE AdoY el AUE o
2 =

A ) ¥ W ] TEG B A ADE P ) 2EG P9 424e 48 AFelolg ol
= =
-

B odhg o ~xgo] HoyslE A28l 2 HMW(system and method for spray painting)- £3], 3D 7hd2te}

2 % 23 o, 9 9 A= olAE o Axdlo] wES ol §ate] AR WS Aol
Holg = Al2® 2 W (a system and method for spray painting the external walls of a building with
a lightweight six axis robotic arm coupled with a 3D camera, and a spray nozzle on its end effector) -

of B3 Fola; HAES FI-g Ao 9= Ed-dd AEES w Fdsis ZE-T5 E8 Alaged o)
SHAE MY-ZEZE o &dle] wy-&EE A %Li—}%ﬂr(mounted on a mini-gondola with the mini-
gondola hoisted by a motor-drive pulley system traversing along a set of twin-rails located on the

roof-top of the building).

gige] g
S dst = HA

A9 s|d T
2 dye A& oY Ao 2xgo] HRIES st vy-2EE A miXH=, = o]HE o] Axy
o] =&, 2 3D g AYdHE, AF 6-F 23R & A FITH(The present invention provides a

lightweight six—axis robotic arm, coupled with a 3D camera, and a spray nozzle on its end effector, is

oft
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seated on a mini-gondola to carry out spraying painting on external walls of a building).

U-Ee uel §AHE e PCIAY AR e RE-TE Fel 292 Aojste] Fud o
Y meAls Bk 23 G(U-2E ol WA £4 AT 94 AP vU-mEehE Leln
UH(The use of an industrial PC (personal computer) located within the mini-gondola to control a
motor-driven pulley system to hoist and lower the mini-gondola to locate the vertical location of the
robotic arm (seated on the mini-gondola) for the painting process to be carried out).

AQge ARel ojuy PasA vU-mEes eon dels Fo AP Ao mEE, vu-2Ee gy
of YX¥EthH(The controlling motor of the pulley system that hoists and lowers the mini-gondola in
parallel to the external wall of the building to be painted, is located within the mini- gondola).
Mu-mEeks, $98 M08 Tz o A8 AYG-F)E we olEse vU-TEN/EE 4S Jols
S, @ A9 dds v IAdetes BH s E8 Al~® Jdol ulE AU (The mini-gondola hangs on a
motor-driven pulley system that traverses along a pair of rails, guiding the mini-gondola/robotic arm
to travel along the linear distance (x-axis) for the painting process to be carried out).

2}2} 2] ﬁf‘é ooy gl 242y FaE = 4 e JE Ad e A2 2R o] FE HAY T2 A~
L A o W my-2EgE 1GA7IaL; A A2 vy-2EY UEd fAEH= 4SS PC(H e
9qizEﬂ)°ﬂ o] AloJ¥t}(The use of four vacuum suction cups mounted respectively on each linear

actuator to secure the mini-gondola to the wall when the robotic arm makes a 'stop' for the painting
process to be conducted; the suction cups are controlled by an industrial PC (personal computer)
located within the mini-gondola).

A AA Y AMES FdgE
= o ny-2=5e8 7 AYE
28 PC(MY-2E2E 28 e FE)ol = Aolar;, wY-LE
Aol 4 Y AF A HE FAFEH wy-2E5gE W YA A AHo|th(The use of three ultrasonic

distance sensors mounted on each linear actuator on the mini—-gondola to measure and manage the

vu-zEeh gl 2zkel Y AFelole el FA:

z M

distance between the mini-gondola and the wall that is to be painted ; the distance measured will then
be fed back to an industrial PC (personal computer located on the pulley system that hoists the mini-
gondola) which controls the distance between the mini-gondola and the wall to be painted ; four vacuum
suction cups on the mini-gondola will then be activated to secure the mini-gondola to the wall).

vu-2E5el7t Hell 'aAHFEHH | 28 Aol AFEE 3D FhdErt E43tEe] HoldE ¥ JdS A8 A
olal; AXEYe] mRae f2H-¢o] FRIE Axgo] Fa8 Fdsh HRJIE xxo] A AH HEE
AAkgk Z1o]tk(Once the mini-gondola is 'secured' to the wall, a 3D camera mounted on the robotic arm

will be activated to scan the wall area to be painted ; a software program will calculate the
trajectory path of the paint spraying motion for the robotic-arm to carrying out the paint spraying

action).
HANE 23 o] &S AW 7 T AL FHIE Axgo] T2 Ax ok oo HRIE e 2
HAE YAE& F3cH(The use of a collection hood covering over the paint spray nozzle to collect

any paint debris and paint fallouts during the paint spraying process).

Mu-mEe e @ A W ZEd 669 A8 AAPd Hel 4w ol A4HE MU-2Ede o
ool =74 &4=A71tH(The use of a pair of facade protection wheel (6) on the mini-gondola to cushion
any impact of the mini-gondola made on the facade of the wall to be painted).

A8 PC(H =Y AFH) O] AR FI-F ol fAH = AEEHE Aojste] FQE e oy F-o <
E gus mYEHSIY] HAE JleAlo] ¥ HBA3TH(The use of an Industrial PC (personal
computer) to control a controller located on the roof-top to monitor the paint level within the paint
container to ensure that paint availability is maintained).

FIEE fJolEQ A8LS RE-TE Eg A28 9 712E WA 938 Ao|th(The use of water weight
for counter balancing on the motor-driven pulley system).
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EHo Zhgg ¥y

=12 B gl A A oo mE AAEES =AY

WL A7) e TAF Y E

Tl B oo o A oo wE vwY-ZE2k(nini-gondola)E EAIZTE. A®e] 6 F RRE ¢

(lightweight six—axis robotic arm)(2)°] &= o](adopted) ¥ Ao HAEE Axoldt= ZE oo d=
o]AE o] 2w =(mounted on the robotic arm’ s end-effector to spray the paint onto the walls) <l
E 2z3xyo] :=ZF(paint spray nozzle)(1)E ol&ate] =9 9% S <" (paint external walls of a
building)3dtct. =ZH &2 my-#=g(10)d ZRHa oy-25g Y Feo x5 =(located within the
mini-gondola)(9) Aol RE]ZMX (with the controlling motor) =] A]A®lo] 93] &8 A (hoisted by a
pulley system), WHHO| F3Z-8 <l=o X (at the roof-top end) Z&] A|2E(11) Aol A== b2 ZE A
E(another set of motor located on the pulley system)E VU-ZE&7} A& Fx-v o] EQ-#d A
E Ao dog IAasleE 5 A7t (drives the mini—gondola to traverse laterally on a set of twin-
rails on the roof-top of the building). =g A|2EHE Fo¥E HE9] ¥y} HYsA v-ZLE5sE &
g Y, 52 gAoR QoA o=, Zynir} ¥l ~xyo] #H I’ S (The pulley system raises and
lowers the mini-gondola in parallel to the external wall of the building to be painted, spray painting
the wall in a vertical manner from top to bottom, column by column).

1. A% 6-F 23 9 (The lightweight six-axis robotic arm)(2)

6-%F =X 42 d(lightweight)olojoF s, <= ofdE] Aol Axyo] wmZ(dojgla FHUE 2z o]7]
(airless paint sprayer)) 2 3D Ztwlgte}l Agr¥th(coupled with a 3D camera and a spray nozzle). =3 <F
Aol zhe = 3D Jhvlgle Hd"E ¥ dA(wall area)(F 1.2m x 1.2m(approximately 1.2m by 1.2m))& 2=
Malal; AZTEY o] TZaH:M(software program)S EH-oto] HAE AZgo] H2S 35t HAUE AZy
o] Aol HA%EE ALk calculate the trajectory of the paint spraying motion for the robotic-arm to
carrying out the paint spraying action)e ZHo]t}.

232 oke my-2E5g o] ZAEE AR (industrial) PC(¥ =Y ¥ (personal computer))(5)el] <3}
(RS422 7o) E(cable), TCP/IPE Ea)) Aoz},

2. my-2=gke] 2= (Adoption of mini-gondola)(10)

vy-E yRlA ET AAFHe] Ao REE VA REH-T5 ET A& o A=, 5WHE AA
= vY-2&E2(specially designed mini-gondola, hoisted by a motor-driven pulley system with the
controlling motor of the pulley system within the mini-gondola):, Z& &g HlX]/&3t A& 94
o Hel8e F3qsl= d AFEE T (used to seat/house the robotic arm to carry out the painting of the
external wall of a building). WY-2& Ao A&FH+= 4 e AF AA H(Four vacuum suction
cups) (7)< mY-2EZH/2H o] Fd=d HAy Z2A2x Fo 'Ag'd o W ny-2EIHE AT E
H Z=-%°] F(helps to secure the mini- gondola to the wall when the mini-gondola/robotic arm makes a
‘stop’ for the painting process to be conducted). FPIY-ZELHE F7I2 TAGA7]7] 8- S5+
Ae] WA (prevention of swaying motion) - WY-t&Eefel] FAEE= ES 2Ql(a tow line attached to the
mini-gondola)o] AF&Eo] nU-ZE8}E nldho] A A ZIth(secure the mini- gondola to the ground).

U-2E5g Ao ZAFEE xRt AEZE (onboard controller)(4)E vlU-2=2ke) FHolgld ¥ Alo]o] Ag

=

= Y5 Zﬂoﬁi}ﬂr(manages and controls the distance between the mini-gondola and the wall to be
painted). =A%+ Ag (measured distance)E &XHE= AEZZ oA A¢]& PC(HU-2E8 Yo x4 =
g 7443)— Hely ZRAAE AZEEE 28 oS A FA| 7 (activates the robotic arm to start

the painting process) -2 I =% (fed from the onboard controller to the Industrial PC).

3. viU-2Ee YRelA Aol HHE AAE RE-TE Fo Axg, 2 £iI-g AESHE A9 498
PC(Motor-driven pulley system with controlling motor within the mini-gondola, and Industrial PC for

roof-top controller)

Adgd A=e] s FPsA viy-IEeE 2o e 2 2T Aol EH(9)= vy-IEd |
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Ni

)

o X", vY-2E5E R A= AhE PC(EaY AFE)7F o] Aol BHE Aosta, vy
=82 54 Fo] YA (vertical height position)(y-F(y-axis))E <v]al WA (hoisting and lowering)
gAY T2 M2 F<H(for the painting process to be carried out) 2% ¥ (robotic arm)(®Y-+=2}
ol wjx] % (seated on the mini- gondola))®] HAXE A AAGsct. APgE PCE =g vy-2E58E A4
71g](linear distance)(x-F(x-axis))& W} o]F3t=FH- A= FI-g A A H= EA-Hd AES w
2} 3 d3H(traversing along a set of twin-rails located on the roof-top of the building) - T-EA|7]+=
t}2 R (another motor)(11)Z #ojdtr},

il
M
N

il
-
of

e golE(Water weight)(12)E= E-#Y o 2 A2yl 7128 WHA (counter balance)dt”] $& Af
|9},

4. wZRFE 2xyelrs HAdES AO(HRIE AHolW #We RUE®) % wjE(The control
(monitoring of paint container level) and discharge of the paint sprayed from the nozzle).

HoEE 2% 9] d=-o|=E (end-effector of the robotic arm) Aol FAE = oojg]x HIE AXgo]7]
(airless paint sprayer)& o|&3ste] ¥ Ao 2xgold Aot} FHRJIE 2ol =&& 7%‘313}% T8 F=
(collection hood covering over the paint spray nozzle)© H<UE 23X o] ZZAX~(paint spraying

process) ¢ 2199 HE & E H<AE Y2 (paint debris and paint fallout)S 3= d A&}
e PC(HE2d HAFE)E HJE JHEAdol #HEFHE AL HAS] HY8i(to ensure that paint
availability is maintained) #QIE ZHo|d(paint container) W-2] HE ®e ZYEH (monitor the
paint level)3}7] 93] A&,

5. A& A™ 218 A]W(The building facade painting sequence)

HA® Aldxe A& 9FAAFYH & Foji EE-7% £ A&do] I wgow A& AdA &%
S Fslo] o]Eth(will be from left of the building and moving towards the right as the motor-driven
pulley system transverses itself in that direction). ¥ ZF2] ~Xzo] #|A" (spray painting on the
wall)> 2 WAooz QoA olg|2, A7 wlti(in a vertical manner from top to bottom, column by
column) 91 AHolar;, dvt zk A=do] HY == Fo|W(once each column is being painted), EH-T% &
g A2"S eEXOR Iudtil E e '2F'E 3o 5o mEs AYE #QYdth(the motor-driven

pulley system will traverse to the right and make another 'stop' to paint the next following column).

6. 28+*= AEZ7(Ground Controller)

RS422 = RS485(#72] A& E41(long distance serial communication))E E3, A& PCE w3k 92 A
2} AEEZ# (remote electronic controller)ell oJs] AlojE o] gt = oA RE- :|l Zg AJ2HE9 Ao
= A & 4 2t} (to allow the control of the motor-driven pulley system at the ground level).
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12} $E o] E(WATER WEIGHT)
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