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Abstract

Under the support of National Hi-tech Programme — Interactive Volumetric
3D Display (2006AA01Z327), and Project of National Defense Pre-Research
Foundation of China — True 3-D Volumetric Display (K1601060109), the key
technologies of the volumetric display are researched and a volumetric prototype
based on such technologies is implemented.

The volumetric display technology is the major method to realize the true 3D
display. In this dissertation, the vision theory of the volumetric display is introduced.
The construction of the system, the image engine, the image dead-zone, the
generation of data and other key techniques are researched, together with the results
of relative experiments being presented in the paper. The contributions of the
dissertation are mainly listed as following:

This dissertation firstly investigates the basic function of vision and the
essential display principle is given. It’s the vision persistence and apparent
movement that make the volumetric display system works. The former gives the
static display effect, while the latter focuses on the dynamic display. The three
dimensional image is provided by both of them. Additonally, the interrelated
researches provide the theoretical ground for system simulation and analysis.

The key technologies in the volumetric display system are system-construction
and image engine. The critical issues that need to be resolved include: the creation of
the image space, the activiation of the lightening voxels, the design of image engine
and the dead zone analysis. In the aspect of creating image space, the emphasis of
this paper lies in the analysis of two major media for imaging: the lightening plane
medium and the diffusing helix medium. The latter features high quality imagery,
which makes helix screen the ideal medium for the volumetric system. In terms of
activating the voxels, two modes of addressing methods are mentioned: the linear
and parallel addressing menthods. Based on the high-speed SLM, the parallel
addressing method enhances the amount of voxels to a great extent. According to the
discussion above, the SLM&helix screen solution is established, which reduces the
huge amounts of voxel data and preserves the equally excellent image quality. The
following part elaborates the design of image engine and the various dead-zone
solutions.

The dissertation also proposes the fast voxelization algorithm. The details of

111
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this algorithm are discussed in the paper. The introduction of the BCC lattice
sampling space in this algorithm presents a well-around solution to deal with the
huge amounts of voxel data. Therefore, the sampling and transforming methods are
performed under the BCC lattice sampling space. Proved by corresponding
experiments, an efficient reduction of the storage is realized by means of BCC lattice,
which accelerates the proccess of the voxelization. Besides, the local presicion of the
three dimentional image is also increased.

Finally, the volumetric display platform is implemented. This dissertation
mainly emphasizes the design of the hardware and software of this platform.
Meantime, a discussion of the SLM based on DMD, the projection technique, data
format, and a mapping algorithm matching to the helix screen is performed to
accomplish the final three dimentional images. The results demonstrate that the
prototype has made ground-breaking works in terms of the description of the
complex image and its clearity. Part of the performance parameters approaches the
international level.

The core achievement of this dissertation is a prototype of Helix-3D volumetric
display system, with its performance fulfilling our design requirement. This
prototype can act as a basic platform for future research work of high performance

volumetric display system.

Key Words: true 3d display; volumetric 3d display; vision persistence; apparent
movement; rotating projection technique; spatial light modulate technique; BCC(Body

Centre Cubic); voxelization; helix screen; DMD(Digital Micromirror Device)



FARMEMARKRFELFEMA IR

Tnm ve
Ton
Toy

T(lwell

Vbcc

o N

Trus

i B R

BB RN
BRARZ RER

o4t Sl INNESE RS
AOBRBEE
RIFZEERNE RS E
B~ EE R
BAME R B EE I (8]
BB EBRIHR
jkzgilippeymp ik

Jie ¥ T RO e e 1
BOtRER = LB 3 a i e
THBEGEE 5 K 8]
PIWTIE 5 S 10T 8]
BRAME R TSR G HI B 7]
14500 ST 77 MiHAS SR A FE R
O ILTT SRR

6- SR HEAA L ILTT M AR 5
8-AR A O SL T MHAE HE
14-8R 4400 3T T7 iR p 42
WPEAE

SBEZREES

HER PALIL R &

I RYVE R &

RN PER

R #H IR FE B Y S
TNEFD IR E
AN FE
AL Bh L AR

AL TTIR

JaEE R AT RMF A E
SR EAERET

X1



R R K B A X

=W W e 1
s .. . 1
111 AL BT R R RBIEE i oinnimmiinna 1
11 =GR~ b ... 2
113 =Rtk e 3
2 R I e 4
120 BT R e 4
122 EAEI S St . 10
g e ... - . 11
I e e T e e 11
S BRI BT e e ssansinss 14
shicie-l L0 s e 14
el ot b ISR 14
2 iy . 14
200 Bl 15
vl el 8 L 16
ek DR s L 16
20 Tk el 16
S B R e 19
e . ... . . 20
JA PR BEE e s 20
2Al DRI EIE i 20
) R 22
sen e L el L 23
BT AR RBRBRAELIRBIIRIITT oocvcrnnernrsssssssssmseseassasssssssasssssssssasssssssens 24
el Bl L s 24
e bl e L L L 24
3.2.1 BB EIFIME (Image Space Creation) ........cccoceeeeeeeveveenenne. 25
322 BREFERIEE (Voxel Generation) ... i ismso 29
323 BRI HUTE (Vouel ACBVAHON) .o s i 29
334 e 34
10 BRI . e e 34
331 RGBT e 34
332 BRI B AW 35
330 BN 38
334 BN BT e 39
o, . 40
MIERE O 40
4 RN, e 40



=B R ARRREBEAN AL LI

A dmeest . L 41
LR 42
s lEE e . 43
i e .. 44
AEE 0 B R T i i e s 45
A B e L 45
A et llaE . e e e 45
A R B e 46
A3 1peL =gl ee . 47
A3 meaxles 52
AT B e e 63
AR E R e e e 64
AL BN . 64
B o 65
dad Sl 67
AWy e 68
BhiE B8R RIFEREILRTHE SR it 70
L B e e 70
et st L 70
Sl D s e 70
Sl SHE B D EIR .. e 72
AR TH T AT e 74
531 Bleiingiiage . 74
B2 By e e 82
SAS EANEINIMIBIRT T .l 84
el o ) - 89
SADMD Bt R 89
SAIDMD T AT i e s i 89
sAT B m NGRS s 94
543 BEICEREBNBIPE LI i . 95
SA4d e e 99
Sore—ro sl 8 e e 100
s B aEisntEmt 100
58 B e 102
553 - BERBE T AE b e e 102
SESA MR AIIERE e e 104
W e e R L e 107
SEL BT TEE 107
sb —UEERREE SN o 107
e e e 108
s EEe L 110
e LR i a e et 111

VI



ARMEMRKRFF L FEMIR I

GIHIENERIS S 111
RS ENEE 112
6 P R s 112
B e S AR e 114
) B e e e 123
R T E B B e e R T e 124

VII



H =% BR AR RBBATR S LI

A1.1
E1.2
1.3
Ei14
K1s
B 1.6
A 1.7
A 1.8
1.9
K110
& 1.11
B 1.12
K 1.13
2.1
2.2
23
K24
2.5
K 2.6
A 2.7
I 3.1
K32
3.3
K 3.4
& 3.5
K 3.6
K 3.7
5 3.8
& 3.9
A 3.10
& 3.11
K 3.12
& 3.13
% 3.14
A 3.15
K 3.16
A 4.1
K42
& 4.3
K44
A 4.5

VIl

ELowsiE i tdne s il B e L B e g
D o G R I TR o e v 2

Eviar s il bl EOE R B e e 3
LG e siapte e Ll L s 4
ZTEERERR TR BRI .o iessin s enstssssisss s 5
e Llgi o fo el Eel BT L Gl B L e 6
CREGHRERINIE = B R v et 6
ERERE Rl e 7
Peliv @0 B R AT IR I i e st o s ik 8
Perspecta™ 3D Sustons BOIT TR i s mvmcomniarers wwmss i s vsrsscs iasniis 9
H = iR A DB o it i seieios 9
MEMEMRKRES IRNENRMEZERERRE oo, 10
Rl s R Sere R SR 11
B R I e e 15
IR, e 15
Lhescr b SR G e il L L 16
PRIR R E MR R . e ) 17
MR e 18
Bl "R B et e 18
cle s s MBI R L s D L o 22
s ossn i e G EEE  E L L e 25
ey .. ... 26
e b e LB I e L B 27
B g (TR e S B B S RS e 28
WO e 32
e BB RMBIIE RIS i 33
b=l cllo o e U B 35
ieaEle s D e e L e e 36
e el D I 37
SRR e 38
e EE LR RN, 41
RN R ERERE . e e 41
B I s e e 42
e acbasend e e e 43
IR gl 43
PO RTRNANERERE e 43
Bk RGO R MR 47

Bt ey. ... .. 47
B e e e 48
DO SN TIRE . 49
st A e il FEEE B L 50



FARMEMARKRFE L FARX

B4 BCUMB R BHETE v 51
sa] o Be¥EN.. 52
BAE BRI e e 53
HA0 o IR i e B 55
A B e 55
Bdl e T Rl e 57
MAll R EEREEE s 58
Al TR e 59
A BALREE . e e 60
HAIS B S —RHAIRE R e 62
Bl4.16 3DS T cow BRI R REIT v 66
Fl417 DS R bunny BUERIE BB R . i 66
H418 Pl RN ES R REREIHEL.....c.cco i s sinesssessanessessasns 68
RS HeldDWITHRERII,. e i bt o i 71
B0 il B il i ibin oot Bisee et 71
53 Pl Helix D SR EHLHRIIIERE . i it s ensanioass 73
54 Helbed DR TRRL. ... e 73
Blas BB TR i 74
Blos By HIEAT. i e e 75
Bl 57 SRiEH =B AIRIETAT I BEE .......cooeiecceisesiiicssssoesnss s s sesssassens 76
B8 WERAEHHBEASEI s 76
B 59 RIEEEZZEHNBER (HLEET2H0 ab,e) e 77
Bele sl g 78
B 511 IMAZHENESHIUER (HLETRAN 8,b,e) cvvinieeireeernesesesessensonne 79
el g Bt B B L e L L 80
B 5.13 UREBRESNMEMER (HEETFTHHHI D) e, 80
M54 ML, B RMBEEr . G 81
B50S BAEEAnEE. 81
HSIE RIS Sl e 83
o rer 2R G L L e 83
.08 MULEIE LSRRI e s 84
5108 "HNERT HRRR e e 85
Bleag SRR i i 88
B i MpDE e hsHd. 90
Bl 520 Helix3D |5 DMD SR GIRBGTIER ... riiivirn it somseinisesmansins 90
B S DMD AR S e 91
52 IR TE e 91
Elss Alpamadl i bl . i 92
W oos BRI R e e 92
Mol DMD el R e 93
BlS28 DMD DRI e BTG . oo i sts o b sshins 94
800 R e 94
Wy MRl e e 95
B gt . e 96

IX



=4 BR AR R BEAT RS LI

BlS RO e e 96
EI53 BBt R e 97
Hssd Wl R e 97
E5 B BRI e e e 98
st B TIER 99
BT BRI 99
s HelindD = mm i 100
B 550 —ME QI EIIIEL e e 101
ElSdl il il e e s 101

B 541 3 LXMXN =@ ST H A R IE IR E eonevicsmmrsimermisrmsrasssen: 103
A4 =@l e . 103
K 543 1% n MERHIR KX TEA N BV “WM20R” mNEE e 105
B 544 Hand S SARIIRER I BRI i it s st v it s 106

Blads BB i U o i 106
BS54 B B I e ol B e 109
Esd BRI = ARl e 109
e R it Tl i i e 109
B 6l #F Heliv-3D BRTFIANLIE BRI B o vt mmsmssis berosius 113



ARMEMRARNFEBLFLR I

F—E & it

1.1 ARE =

AHA B (Human Computer Interaction, fAIFR HCI)Z # & HL R o B M4
WA, R B iTEF L BB ZEEAMAN— N EZETE. EFRRAS
BEHE, FEEHENREA . MERE, LIRREMASMIEEGHASZIE
MAE B XTiE.

fER “ANHXER R, BERZIREXELRET S/ERLELNMA. T
—HHEZHMAREEVFEMANFRERMEE, Z—FHHEH, UXFREE
BRITERA NIRERERBE B ERRAER, LL—F X8 3R TE X EMANA
H. EREBEMMWEEILR, WEEVTENREBRE, Ak, AHIZEEA
MRNEEARTZ —RES B RZLImERK RN,

FHENMIXEHEREARAAREE 60 EJF. RHRFGFEANEMERE
i 2RSS HNHFE B R L, IXHFNELFERERHEEIN “XF/HS”
FEEZRNA K “ERAR” . EANXENE—R “XF/F5” XEH
AU, £-R “BR” TEHEARD, FE=R “BRTE” BRI HE
F, BRERBRENKHENE AN LR EHTESEK.

1.1.1 A#l “BRZE” R REAHEK

LN T Z2FERNTEEAREGZETRE, U FEH AL AN
AEME, EFERMEENAE. MLILREZ. LEBEZFZERN KR, APNER
HSHRAMZINER, BHT —F “UANE” BUF—ARANZERAR. XE—
P T NRIAAL TR, AHLASE R B A RAT S ) B R E R

XER “BRATE”, ARETN: BANEFRE=ZHHEF, JRT=4mn
EWNER, 5ZXENNZERESBREFTHFIE—EH “E=4F5", XRE
TAEREEREEZEG ), HIRRIBL B A A S ERRN B ABRERITH
SR, AT AHTEE REZE S, REEEAZERAE AZEAE BA.
HERIRE, XTI “TL2EH”, XIRUANIXENINGEMRE, NAOFR
RWEM BBl wE 1.1 AHNEAREMEREE, REEEETE
RS RME=YEZA, 2N ZAE. RN TREMBAKLE, L5

AR ZEBIGE . “863” WiH (%m3: 2006AA01Z327). EPIFBIEESL (KT K1601060109). HFRiH
1S IEL (SRS : 20030287008). AAZEHE4A: (475 : 02F15001, 01C15001). &R EVHT3E4 (45 : Y0602-031)

1



=% SR RARBEARW RS LI

LR E NEEM AL SR E A TTHE A R LB, TR E B#RIE.

M1l BATEMSHTAEER

B, ARRER—MET =T ERHNTARTET A ELIAK
FAZE, AHRNH RIS AR LA E P R ER: RE—DZYERTT IR, SRR
H# B HRRYEE. ™ E AR B FERII AR ESE, FIAESRLER
TSN BN, 200, S MM EFTE, BUHEREN =47 =,
B P H B RRRIZEEGRRIEERXANE SR, K- “fh=4"
I BRBARIGTC, Mg X Bk, ETZBASHEN#ITRE, TREE
M=% E. BAERENZTEGAERRK 4 FHER, FE T BARTEN
“HZ@IIR” 2K, XEFEANZEmNRERZ ALEERESFEZE KRR
AL, ZERZEREE (B 1.2), N5IRAEFIMRIR. RIETHRE. TEE
FRME—ZRTAE, NEHBLEARIFREEAMI=HXE N =4 B RETAK.

M 12 h=4%BRERA s a4

1.12 ZHRREAR

ZURBTEARRRES, BEFNFEARLR. THEEHRA. AL EGER
AR ERBEAME=YERREAR. L L, &R R K ESLEUERREH 77

2



