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PSD Sensor Module Based Monocular Motion Capture System
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Abstract - This paper describes a monocular PSD-based motion capture sensor to employ with commercial video
game systems such as Microsoft's XBOX and Sony’s Playstation II. The system is compact, low—cost, and only requires
a one-time calibration at the factory. The system includes a PSD(Position Sensitive Detector) and active infrared (IR)
LED markers that are placed on the object to be tracked. The PSD sensor is placed in the focal plane of a wide-angle
lens. The micro-controller calculates the 3D position of the markers using only the measured intensity and 2D position
on the PSD. A series of experiments were performed to evaluate the performance of our prototype system. From the
experimental results we see that the proposed system’s compact size, low-cost, ease of installation, and high frame rates

are suitable for high speed motion tracking in games.

Key Words : PSD, Motion Capture, Video Game Interface, Calibration

1. M8

iR

E =82 delaz4E E(Microsoft)Abe) XBOXY 44
(Sony)AHS] Playstation I3 22 444 vtoAdey <g
Holx2z AL £ e 2AYIBAZ  PSD(Position
Sensitive Detector)dlA 715k ©@¢t AR Alxde] o

st Zl&stud @oh o) Azge A7, A¥oz Aol
Festn, AzmAAA @ Wl sl nARE Baz o
of Ak AgRAA ARl Be wA A4go) PR Y=
Fue ped BRAze zAdde ANsE sy
PSDAAMSE ¥ 7sl A4 LEDuHAZ} ¢4Hon wis)
% AT ER TASH vholax AEEYE 249

PSDAIA 9] 22191 $13] AR o} XM LEDw}AL W) A7)
o] HAEE o]&3ld 3NLEALnH S g3 9XNE AN
A Ak B dFAMY Alzad A% #31E 99 A8
ST, APAT At Aado] AR ARe] 7hEst
i, 2oy, ¥t AYLo M} fojd #uk ofr]g
IEEA AR AN HE s de B
2. AjAggo] A
o] Atd EAYA Al2de 29 144 ¥dFE A 2

o) SHMHE 9¥ PSDIWet R EH A4 LED7} 39
FERoA, USB AHeA0 A5 ALaFE AFHE 74

Az 270

AF: MR FTTEHN BHRA

FG7]: MK EES DB B - Ll
e 9 FA BFORE LGRS LA Bt - I

*

* %

Exo0

S -

gt AFEHE= USB 2 pSDyH R
A8 A doleHE g FEHv
oA AdFel wat FaAA AFA
LED

= u}
= =

BAA FAB,

73 1 ghet PSD 7lgtel B WA Alage 7y
3. 34 x| =S¥ Hel

k71 9] 32k H X Ae a9 2404 dgEte AE A
2t mdg vEoz o} nAY YXPm(XmYmZm)e A
% 0% E33A PSDAA il Pp(Xp,Yp ,Zp)Y Aol A%
He Aoz HEHAY PSDAMY F4 g W=FARE=
23749 fo AdE Fu e, 29 29 2 FHEANA
Z+ ixe FHzEe ds# #o 0000), «0,0-f),
Pp(Xp,Yp,-p. ANA f= "A=ze HFEF Z7% A (focal
length), r& FHcZH¥Y A Pp7AN9 Aot RE #F
(eziel pmAzle Aegelxn, | 3 L& 0%y 77t pp
s PmAR S AdE dedt Ad 1 & =P+ g

of 288 &, w9 AR IA} B zFALel Y

582



YZ
N o0
X, - X,
NN

PoX Y, 2,)

a3 2 ctle| pSDYIY =M

WX AlAE Ll siofal 2
Ame A3 gol derd F ek

S S Zy
c059=—=-—:—
oJrs L o)
aebA, A(1)E AE A@)e Zo] Pus 2dE
=3
7 - JIxL

Jriest @

A@23E 2AAAPE 4ol re PSDAAA F7
H HAZEEH AL "Lﬂ‘:‘fé & % F A9, &
A 49 s AACME ADE ol Sl FHHAA +
qie,

x%3 y& A9 vANA Xm3} YmE T
(3457 Zeol 78 F Uk

R-r~11—r~—-—ﬂL
Lo Jrrser? 3)
X _ X, xR
o o
xR
" r (%)
HA,G)EFH & 7 Xl WA Pmt PSDAA
of 249 AX Pp(XpYp-fo LY FFBALE & 5 2
‘4 =dAE fF d5ola, PSD A9 ofdR Afow

J’gw

Yo7t &AH 3, oA Eilx*M«] Ag L2
] Pm(Xm YmzZm)& 3% +
Wol QAo wet 3 onﬂ.giE{ WAl Weo] gyl Ag

Aol whuldste Aok gaA, BN A9 @

Ae dgel oz pes xAWUh

58 oA
+& B33 Slvh

r (6)
A71A, a & b = Afelxn, A Aesw,

a
L= \/7—12 @

4% ash bt 7 ohAe) WA I AY Liele)
Qs e A wgel o8 Ade

>

A&

4 NEA
41 Feniziel M5
2 A2 BERARA Azgol] @] vhAel Yo

A BEAol ot B3] AME HY AL wIHE o
g3t AAMe vkA Abolel A LE AT 4 k. wet
A ukAE 298 Al od AMME U FFS W
Atgtthe sl Z1xz @tk ¥ 3& % A Agd o
& #7e vehln ok A ¥ AR@e viAe HEA
(equator line)E 71&2 2 3 AZHe)ol wa ¥ W&
A3 A5 aAZ JAAA PSDIAHEER 4 A
PSDAAM el AArtzhe] w87
Z AP UF IBANA FAHI=

A *‘*‘(b)%

doh (@9 B¢, 449 LE

olmE »:%cg; %%E%}Bl % BF239 (o)
el oA WIh @tk SUY 2EE A
o O»q (@), F8 YFAE LEDR
ol he 49 Astelsh 23 39
EEE m A% BB WA ¥
wguiz el LED REZ A3

Lo,
ot
=
il

10000 [

8060

8000

4000

2000

o
-390 -60 -30 0 30 60 90
Marker Rotation Angle ( 6)

ﬁﬁﬁ m @. @z

712l 4 100cm A2lolM el g7 2t che
Fre W 2x

Measured Intensity by PSD Module

ofz{

2% 5= F ouA A9ABRE PSDAM QAz 0
7] vsel A9ARE HAZH. QAT ALSE 37
4 wle zasa, 2 A3 AREst gelAE A B



10000 XX 75 em \ \
/ Measured Data 9
/ d Data 3
8000 ? P -
3 : \
] \
‘EOBOOO ,,’ y "
~y
>
24000
8
2
= 2000

el o viey

0
-0 -40 -30 -20 -10 O 10

Incident Angle @)

20 30 40

a3 5 PSD A2t Haljof a2 o) st
F Atk o] BAE #Asy] 98 29 59 FOV(field of
view)dHdA Mo AA[I(P)E ARFAI(Plez =AY

JAY A4 FH I(He g A2 e @ & ot
I'@$)=1($)/Jeos(9) ®

I($)& FOV 99 <ol ddxoz #9% %rddo] v

AFAT, Al FAAU met THH 87E FARE
Aol 23] FARE ¢ + Ak
42, w2ole 3

249 WDz
o sfeslel ook b T
Ayolol 0.1m 7+ o

A 4B WIDE A7

FEH ANLE ZH37 98X A(
F&ol gt 29 62 05mollA Z.Zm
2 PSD7Hdlet 253 wA e A(d)
¥ Z#fZojtt thg A(PE uiA e

18000 .
16000
14000 / Approximated Intensity Curve
& 12000 S Measured biensity
% 10000 "<
2 3000 \
6000
4000 \\\\
2000 o
, ) .
0 0.5 1 i 2 2.5 3
a2 6 M2 ot ALolel Helof we o £

% DA D=
Azt Wr)e] 7ZALY-E Jepdn),

I(d)=698.8+

5999.5
r 9)
43 PSDRMAXN ZES Mg £X
2% 72 & A2 AR 2AYE 9% AR S
BoFa glvh PSDAAM EEL Azt 9o Axmo uy
Fo F41E et EYA MAXHe QR 2m x 2m o RAH
A X, Y& W3do2: 02m Ao E EAsy, 7& Wigo
B 025m TALE, 075molM 225m AZdA A4

3]
o

4 B 12 24 A WY 248 E B9F3 ok B 1
A FAA dA(e)t 0oz Foldut
e=\/()cm—)cm)z+(y,,,—ym)2+(zm—zm)2 10

584

Measurement Maximum
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