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Automatic Stereoscopic Camera Rig Based on PLC Control

Seong Mo An

Department of Electronic Engineering, The Graduate School,

Pukyong National University

Abstract

Two cameras and  stereoscopic cameéra- rig are required to
capture the stereoscopic image. Interaxial distance. and alignment
are two of the most important factors -in the ‘shooting of
stereoscopic image. ‘However, it is. time consuming “and low
accuracy to control ' the Interaxial distance and alignment by using
manual 3D camera rig. This is because when the Interaxial distance
and alignment of the 1image are not controlled accurately, a
complicated | and longer, handling time are required for /editing
operation. This results in. a low quality final 3d image. To
overcome these defects, automatic camera rig has been ,developed
but the current automatic camera rig only focus on the simple
movement.

Hence, In this paper, a automatic.stereoscopic camera rig system
based on PLC(Programable Logic Controller) control has been
designed to create a Stereoscopic image according to shooting
environment. Automatic System of Stereoscopic Camera Rig
consists of horizontal 3D camera rig and a Control Box. Horizontal
3D camera rig is designed using hardware components like ‘Long
Stage’, ‘Goniometer Stage’ and ‘Rotation Stage’ while Control Box
is designed using PLC, Motor Driver and Touch Panel to control
the designed horizontal 3D camera rig automatically. Various
experiments are performed in order to demonstrate the

effectiveness of stereoscopic 3D shooting using the designed

- viii -



automatic stereoscopic camera rig system. The stereoscopic image
can be captured by any public user with the designed automatic
stereoscopic camera rig system in an efficient way without any

severe visual problem.
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A7sHA Aot

(3.1)

3| A= = StepZt X Pulse 5=

_ Pulse& % [Hz]
o — .
4= [rpm] 360/St6 -+ X 60[sec] (3.2)
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U= Pulse & 8| 245
1Fulse J-l 0.72
zr—’uISb

oliruise JHHHH“H “I_I 5ﬂ_|-|_|_|_|_|_|_|_|_|_|-|ﬂ_ 360 °
U Pulse £ 5 8|5 &G
500[Hz] J | | | | | | | B0[rpm]

5000 [Hz] ” | | |H | || | 600 [rpm]

O35, 2L ENEE A

3.1.2 ¢A JHde 8 A

% A" A%F 3D Zhder B =™ 3.63 Zol A HAtt 24
o] zhwle} Atolo] 2HAS ZA3L7] 9135ke] 25 Long Stage A7+ Ao
= 913l Rotation Stage 2%, T olu]A] 9] Alignment #9 $3LS 93k
Goniometer Stage. 20l A& Yo AAst 2H¢] shue} Alo] ¢
HaAYE A7k ARk fFARSE 7Cm o)tk E[ Al Al Zshgl o,
Z}zte]l ~H o)A oll= E& 4Rl AsAlelE ek 54 2H]E REE A&
shoith. T3k 2lm1e] A Ale]=E Fo]7] $189] Long Stage®] Z~H3
RE ] A9 Stage el RIsHA AA &tk Abs g1 A Alol
Z5F 400 * 204 * 184¢] Alo]2E 7hxIt)
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-

134
9 3.6. 9A FhHleE 2l A

Z}7ke] Stage’do] EEEX HEHE=SolHE Foto] AojE™ A T
2} @]+ PLC Alo] ZEIOFS o83 &9 o mE AsAe], ¥
AL AE3 AEAo B AW E o]&3 5 Aot FAsHA A
Stk 3.1 AAlE A TR gl SA4E Bojenh

O
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it 3.1.

UA Fhelet 2o AFF[24]

Long Stage(MLS-80-S)

Motor

5Phase Step

Travel Range 100mm
Travel Guide Ball Screw & 8 Lead
Max Speed 20mm/sec
Resolution 2um(Full step), lum(Half step)
Accuracy 20um
Repeatability +2um
Sensor Home, 2 Limit

Rotation Stage(MRC-60B)

Motor

5Phase Step

Travel Range 360
Travel Guide Worm Gear(1/180)
Max. Speed 20/sec
Resolution 0.004(Full step), 0.00Z(Half step)
Accuracy 0.05
Repeatability 0.02
Sensor Home, 2 Limit

Goniometer Stage(MGX60-60S)

Motor

5Phase Step

Travel Range +10
Travel Guide Ball Screw & 8 Lead
RotationCenter 60mm
Resolution 2um(Full step), lum(Half step)
Accuracy 20um
Repeatability 2um
Sensor Home, 2 Limit
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3.2 PLC 7]4t9] Ajojutx

Aol s AAE A Jhdet 2l AsAlolE s PLC IRk
o] AojutAE Az2Hsth AlZtE Alojulas LSAHA(BH=)Ae] PLCS
XGT Algl=, DM Tech(38=)AFS] Quest-B5-E 24 EEH=g}o|H,
M2I(8F=)A1e] XTOP Elx#dla} DCAS 33S 93 SMPSE o] o]

AW 28 3.7E AHse] S Belir BARde] HEAE =
S FEE WEAdEs e PLCE mE 7AEE R nE it
AR S 78 & BH Aoes EHEso A/ dEsin] HFHoR

BHEgo Wyt BxE EFHslo] HE Aojzf o]Fofxich 1¥ 3.8
Motor$t REl=glojuiAto] ] 32 A9 Bg5S BojEr

[ o———— e

Touch Panel
(L

L l fre—=
= l
[T T
Motor Driver
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SMPS — Touch Panel

3
Power CD:‘;Er::lnd Data
'
Control
. tina Motor Controller
Motor Driver =
(PLC set)
P;Ise i
Signal
b
3D Camera Rig
TF 3. 7elEks 5 JRE 5 =
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N.C
L —] 2
o=  Motor A
feore| Iriver B
O :
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M.C =]  Motor Ei
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N.C {oar{
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N.C
N.C
N.C
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- ER
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ROTATION L NOTOR A [ | Iy
RaTATIN L NaTER 3 | L | 5|
FaTaTaon L warR 3 [T | M|
ROTATION /R NOTOR 4 [ W | 7
ReTaTIoN & WaTORE | P | =
ROTATION *R NOTDR D | | |
ROTHTION R NOTOR 3, |5 | i 5|
mhn e NoToR 4 [T | i 7|
o 1 yoroe {0 I 22|
i L KoToR s [ | I =
hE e KoToR 3 [ i e .
D NOTOR 4 [ X
o R NoTR A [ 2 | I —
MO R NOTOR T [ | ‘ 7
EMD R NOTOR D [ | /
i1 e L mEST
sAsELLs- [ | { =] +zeac
IASEELSY [ ¢ l %] mme
ez Lo [ 7| / 4| L Ls-
i iy /— 5] <awac
Rt R H | h | &) mme
et 1t L5k [ i I meseis
&Nm 1L [ b 5 | ewac
oM w Ls | o | {#] o
MO R L5 [ o | {T| maczeLs
vaavae | o | T vy G
ovas [+ ] {32| ovme
=1 | roramn 1w
= I g Sy
+ 1| oo
{3 Romermn = u
b 17| +eaIc
L Ta| ovae
{5 ommLiss
—— &0 +e4Ic
{a| mar
23| o s
—— &l ~enac
{24 e
{(es| oo g s
¢ e eavic
@] wme
[e| omm w s
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3.2.1 Programable Logic Controller(PLC)

PLCE 7]&el AR&3le Alojuk ulo] Helo], elo]H, 7t2¥ T2 75
S LSIL EWA2EH T vEA AzE gAAA 72EHA AlF 2 Ao
715l A AAE 715 S Frtete] Z2ad Aot rhestes 3 Abg
Aol =& o] Fxlolth[25-26]. AAl Aule] AEge) 1 SEHse] &
To wel PLCO] A&R9= Abekdd AsAe], A5 29 el Ao,
A 2R Aol FoE guiEa vk 7]Eo Hyeo] A=
Hardwired Logic ¥2& AHE3te] A& stglom o] e

oF AXEg o7} g Fo] Hof glo] Apgo] WA HWA =Yoo AXE
Ao s =5 WA okt

7199l A Softwired Logic Ao]W2lo] 7utx] ¢l o PLCE o] HWHAS
Abgstth. = PLC Alojs 22 a3 e] Yi&of o] ¥ 22 AMEAt=
AFAANZ Qae AE i YR

Boodgo] AaHlo] 288 PLCE CPUERE(XGK-CPUE), 16% 44
BE(XGI-D22), 16% ZE=EEXGQ-RY2), 45 Ao SANEAAEE
(XGF-PD4H) 2%, RS-232 BAIRE(XGL- C22A)E o] Fo]Av Ex]«
gs Fotel o=d ”é%‘ﬁi% HEobA] AoV} o] Fol KTk, 2 Al 2~ Elof
HE&H F9 PLC &5 AAT AMYE £ 3.2 Zwadtt. 17 3.9
T PLC ZRa3 A9 5 BF BLCY RUNEE=7L F24HWA
PLC 259 Al HlolH ﬂﬂ@i, A== BEY MAE d3tE %7
s} 24 S st 2718 Y F Y¥Refreshl) 2FS S35ty 1
T ozras oW AFEE ENDZHA £33 sta Al g & &Y
Refreshl2& G 3)stA Hh.

£

_

1) 2233 3 A Jgdlo|ElE Readste] Data Memory?] J&€4 AA(P)ol d& Agsh=
2]
-1 H

12)223% 78 &5 % Data Memory?] 948 49(P)2 Datags 4% &8st 24



[ (2713 ANRE
PLC RUN _
L ERIANE
. ma7 oA
[ =% M2 v
21 ojojA| g
Refresh
h 4 P l
EERLLEE '
[ Roffesh. ]— END A2|

a9 3.9. PLC 229 1Scan * &
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XGK-CPUE XGF-PD4H
» e LR . _
X} H}FA = =
AL o Xé%ﬂ = Zﬂ‘ﬂ =T 45
& A
S A 2/3/_4¢ 2 w7k
} Al = = 95
Aoy w2 Holee B7F 7% 2% YT HIF
3% dg4d Bt
Ladder Diagram $ x] A o
Instruction List & A o]
Zza9 o Ao} 1]
b SFC 11 2 12/9) A A o]
ST Feed A o]
71Ew= 40 ulse, mm
Weo] 4 9% Ao} ] /,
S8 700 inch, degree
JOG &4
d=8 A5 1,5364 TE A MPG &4
AH 2
PO0000~P2047F
MOO000~M2047F TA LA+ A
do]E o9 D00000~D19999 | 1= =7 w ebek+ 94
T0000~T2047 ZAL A
U0:0~U1PR:31
ZH41 99 2 MB, 32&8% H—F= S5 4M bps

3.2.2 R =golH

PA Fhele} Lo REE Alolstr] f1F REE=dolH = ALaA
s e AF mlolaR 28 5o Jheet, MLl E AHESH

g 7HE AHrEAl AR87Ee R 24 vlelaR &% ERfolH2 A E T

AAE JA Fhdler gzel A-8% Long Stage 2%, Rotation Stage 2

=, Goniometer Stage 2% A|o3t7] ¢dl & 65 Ao & 4+ U=

2

[>

hi
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S Egtolwrt dasty, & Aol AAE Abe A TheEr 2ol
T 287 HEWH 867t EEZHX| A7} 7hs ek Quest-B5-E EE| =g}

oM E A& a3tk AAF A% F 3.39] 7]% st

3.2.3 gx|#d

A Al=Ele A= PLCRE Y Alo] ¥R &3 deld = (=317
2, Alab, dxAE), ZaolH(E AR, FAZ, Fhv kel FJALAALe]
°of A, AAAE, dAEE, AAYAAEUEHPS 98] 5.7inch
XTOP HA &S #4313t AAMg AbFe] & 3.39 71% 33t

#® 3.3-EHET oM & B AFE(28]

QUEST-B5-E XTOP
AL DC15 +40V A DC24V[20~28V]
A #HF JA~4A
= = @] LTI =
T5 A5 (52~ 9] A0 ) A~ Z g o] 5.7 TET Color
5 nlolZ g 5 A 320%240
S (42,6413
Ao} ezt (A3 A, H3]A) A 65,536
A
i .
e A FEud | opgma A
A 4y Hx H4A
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V. 48 4 A3
4.1 A5 JA Fd= 2 A

2 AFE 93 Motorized Stage 7|WHe] 32 A i} 1 E
4,17} o] 73T,
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AFste] A QA s 20 s AE AA e g
Av) 250mme] E7F A# Alol, 360%¢] FAZH Aol AFsEA AL
S990m PLC X2 19e Eae] thda Ao)7t sbseth 19 4.38
PLC 7kl A5 1A Avle} el 1s melzr),

T 4.3 PLCAlY] 7]¥ke] A& 44 7he et 221
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4.2 245 YA FHdE B Ao = A

AE s YA it 2o AsAolE fldte] PLC T2
B Add T2 as A4St HARd 22092 27 dHely A
4, BELs AE 2 doly EYEH g 2o g o] FojX]H
PLC 2292 BA#d o= Ee| WS E qrolx] A 7hv|zt
Z 1 Ao] st ZTRIaWO R FAHAL

4.2.1 PLC Ao} =219

IS T A A, AA gl whE Apg Aol E-fls 2 ATelA
= LSAFde] XG5000 Z213S AM83ste Ladder Diagram'2] <]
PLC Z2 O3 A o sl ARRPI G A 2209\ 55 |
olEth. WA A el AgE Adtstr] Hsl g 1] b Aol dA| o] ¢A
= AR T AREARY] ARS fA ol Bt 2, IF A, AR R
& BA Hde Foko] d¥ete] 27AE FAds FASA H

Calculation of Convergence
Angle

Data input using Touch panel
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Object(C)

X ¥
9 L
Left Right
amera(A) camera(B

1 T/2

| 3 |

a9 4.5, A=A A ASHE

D=AC « Sin(z)orBC « Sinly) (4.1)
_[AB . Sm(y))
AC= (—Sm(z) (4.2)

74w 2 of 7}77}9— R P | = e e i B Y [ I =2 B R S = R L
Ag HolHE &&ste] AdAez HHE AL AT FH1HA2Y
Axt Aol —r'ﬁﬂ Aok S AT AAEIE A2.1S Sk Al
AbEm o] w2 W] ghwjete] A, AAtHlolH = HAAWS F3
of Z7lo] JHsAE dolHE AREatA Hrh 3 =T dHelH %
WSt ApsAom 2210 A& Eo] Afre] FIHAE gho] AAbE o
Atk F34A2 Alite]l $kRH™ RE=go]ME F3 PulseHlolH7F &
HAxm 1A 7hdel 219 Baseline(Long Stage)o] Ao Attt =714
A7t ¢kg H 3 G- AoE 3 A4S A A =W 9 4.6
FA AAZt=e] A shr19e AEHE HolEr)

°

¢

Mo ™ 4
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Convergence Point

D (Opoint)

X

—

Left camera Right camera

1 1.D/2
Lilnteraxial Distance(I.D)—-‘

X= tan_l(—) (4.3)

Y(Moving £)= 90 — X (4.4)

A3k G 9A me A28, 442 Ageel A ]
o]Z% YE FE 8 = 9l dH Aojztre] o] 97 Qtﬁ_ THE=g}
°|HE -§3lo] Rotation Stage?} AlojHH, 5 & &5 MSE =49
ot st WAle® PLC Ladder Z&13o] 24 H Q) ek B
= 29 AR(FAE, Fhleket A kel A, A AL, AR &
e BA fde Fato] AAoR taZee] W
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422 gx8d T2 39
H X A" Alg® Exddl T2 328 XDesignerPlus TEI1HE

A3 A E AT a7 4.7 HA#HE T2 glo] fAS HojFEu

Camera Rig Control Program Setting Mode
. Focal Length | Val Parallax Val
Manual Mode Automatic Mode
Zero Point Val Speed Val
Set 3
Starting Point o gettne X [ .
N Distance Val L Distance Val
Error Reset On Display ‘
Reset On ‘
Automatic Mode Manual Moge
X [ . Left ID+ | val Right 1.D + val 1.D 2axes+ | val
Calculation 1 /| On Calculation2 | On
Left 1.D - val Right I.D - val I.D 2axes- | val
1.D Control on | Z(z:ro I:oi:\t on Left Rot'+ | val i Right Rot + | val | VARot72axes>+ val
ongs Left .Rot- | val Right Rot - val Rot 2axes - | val
Start on | Stop on LeftGon+ | val | Right Goni + vaj Goni Zax_es + | val
Left Gon- | val Right Goni- | val Goni 2axes - | val
Speed On | Starting Point | On
o, % Speed Control Error Reset Starting Point

THAY . Eiagti- = el g

Control Program, Setting Mode, Automatic Mode, Manual Mode?]
Z 479 FHow FA3%9 o Control ProgramWe R=Z& &2 3}
W el REg dolrhAl A Helew, o7l Q1A Fhdlel 21
Hzo] 93 A = AA Fe oig o] A 2 o] FPH ozt
Setting Modedl A= F3HAE Axkel a3k Fuel ghvete] 2dA g,
Al zpel FAZE Alojel gt dF B S FHEo AT ¢ A =
2% o9}, Eh Setting Mode’de] Z42te] wlwE € 3HA W
= o

SA A= AA AHEAZE EG HelEE 9 & = QA A4 S

Lo
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Manual Modev A Zhele} g1e] wiabsAlolE 98 A48 HA
zkzkol ol s Aa e Ao R S Al Aol7t 7k
2o A7 E(EA- A, 94 Alo], Alignment)S 7HAE 25
peed Control HES AF&35}4]
At 53] Manual Mode u]<]
gk R Rk ofy e} Zp Fo

2 TF Automatic Modet™ ¢

(3]
AN
Ao 9lal A4 Hgch 27 A4S n

)

N
X
o,
Ko
2 Ho

Y

=2

k)

_y&J

N

Lo

>
2o

d A%
Calculation] WE&S 2838t PLCx 7hHgte] JJALA 9] Ag F5& ¢
g AxA Y #Ade 8 oS IAAICHE 77k AR, 7R W
AR Al g 5ol A8EHW 329 ALte] 8 HH o|EE Z
A2 12 ol &2 Ak el o] Folxlt}. Calculation2= 945 Ao

£ 93¢ Rotation Stage®] ol&7t=9] AhkS ¢gk HEo|t} 3 Ao

o= FAY e oEste] AL 7] diEel Calculationl 2ol &5
® Fo A ste] gty BE AlRbe]l 2k & =7 Aojet dA Al
of HES o|&sted ZAZp8 AFA o Aol +3 Aok FrHH o=
Start &S 8 elo] AHERRZE st A-le] A2 Ao7t 7 et
A FAEN0H “Speed HES ALEE1e] &4 Folw £E9] Wiy} 7}
A T2 AP TE 4SS AER e EwixkEs R e 25 BT
ARARE g gy ggd-Zaade] BES wojEr)
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AUTOMATIC 3D CAMERA RIG

Select Mode

| I | Automatic
=4

Manual

L 000 mm R 000 mm

S

S g 28 ild MAC

SO

‘ Convergence Alignment
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AUTOMATIC MODE

4% azE 9y

Focal Length Parallax Zem Point

I i Hal Near Object Far Object

(1 mm

$HHo|=

| Dlsplayr Autﬂmtlch!nde - ‘
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AzEe F1Ee] Al Ale 2ol AlojuA ol
g F7lm Agdomn 7Ee 94 7
gad Aol Absale] zuAE
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] 2 B7bsg A7t 7
o QA o] ssirke FHS Hm Ak E3AL 719 4
Al Zhelet 2ol 2 At A e A Fhelet gloieke] 54 S v
24 sl
3E 3.4, 715 4A Fhler gloieke] SAH L
71E A JdE g A A s g
2og w2 552 /2 0.4 %7
TE SH/AE /AR
2= 55
S o) e
Ao} 1] ! HES o83 v dEA o]
HES o] 88 B AEA o]
X1 71Rke] 25 A o
S5 Ao =7k 7vE
wE D RE dlolE b
(el A= (olsAnAE, &&=, o)
AHg g 3D #Y AL} 3D-HY ARI} B 2nA
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w ATelM= 71 Al FhEt e S Beksta Al
2 GANAMTE 2 FHY e d55te] $AY HA 2o Al
e EolHA Aloke] HEAE =

Motorized Stage(Long Stage, Goniometer Stage, Rotation Stage)S
Hga sheglolel +94 QA Al 2sh A Al g 2
7ol we 27149 2 A5AE 98 Aojulaz TR PLC Ao
71ere] 2% A helEr g aE A skl

Aojutis GGkt A ALl A, YA, A, Al
AR 5ol EUHPE I PLCZS H3NT dE2S S HAHE o
A, AR R SrAlo), A, dAAE A PLC AlE(]-E9,
AAA7, Sk ZH AofE 91 By Egtoly Tga DCHATH
& 91 SMPS& skt AsAe & flek PLC =2 13& | Ladder
Diagram "3 o8 ZAsE o A #|o]7]7]¢l B x|#de] HHEA T
& wobA UL A G Aag) ASlk ol Fol it a7

2 AAe Z7178 AL R A AT AN B84 L
qgaiglon PLCE Heidl AE o AHn, Ak ol gol we
449 B8 U5 A5eE QAL B2 Ao e
J
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