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Special Issue: 3D Imaging and Manufacturing
Technology

3D Image Scanning Technology and The Application to
Indoor Positioning

Ching-Cherng Sun

The Application of Vertical-Cavity Surface-Emitting Lasers
(VCSELs) Array for 3D Sensing

Jin-Wei Shi.

Structured Light 3D Imaging and Its Encoding Technology
Chi-Chung Lau, Si-Min Chou

Repairing IR-depth Image with Use of 2D Color Image
Yeh-Wei Yu, Tzu-Kai Wang

Applications of Fringe Projection Techniques to 3D Profile
Inspection, Velocity Detection, and Deformation Sensing

Wei-Hung Su, Yu-Heng Lo

Semantic Loop Closure in Simultaneous Localization and
Mapping Systems
Che-Yu Yang, Yu-Cheng Zhang, Yu-Shiu Chen, Chih-Wei Huang

Optical Scanning Holography for 3D Imaging

Jung-Ping Liu, Hsuan-Hsuan Wen

Multiplexed Holographic Non-axial-scanning Slit Confocal
Fluorescence Microscopy

Tso-Hua Wu, Hung-Chun Wang, Chou-Min Chia, Yuan Luo

Introduction and Application of 3D Manufacturing
Technology

Yu-Fang Shen, Ming-You Shie, Yi-Wen Chen
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3D Image Scanning Technology and The
Application to Indoor Positioning
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Ching-Cherng Sun
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In the new IT technology development, capture of 3D indoor space information has become
more and more important. Besides, the associated applications have attracted intensive attention. In
this report, we discuss three main optical scanning technologies for 3D indoor space information,
including structured light, time of flight and stereo image detection. The characteristics, including
advantages and shortages, of the three approaches are discussed. Finally, we introduce the
developed technologies by the CIVIS team of National Central University, including auto-guided
3D scanning vehicle and point cloud processing technology. This report is expected to provide a
useful reference to the people who are working or interested in this field.
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2010 4 - TEEBE 1% % Rony Abovitz fJ17 T —Z7E IT E%EP?&HE&E%%%E@/\ﬂ
Magic Leap'" » 5 | T 8% Google B B AL » A6 AE 2016 FEHEMS 14 (EETHIRES
> BEAEAEAN Google glass DA HITHE EH/ 28 (head mount display, HUD) » A] &
R G ERE RS SRS S - AV IEEE S (augmented reality, AR) HIFER] -
[l Magic Leap HIEZEIE(E HARITE R 5 - EHEEREL - 2018 4F Magic Leap /2 FJ25—
MERARBE R AR S ZE o+ MESR SRR ANTER - (B2 — R AH{E HZE AL B Microsoft /Y Hololens
@ BTER—{EkHE -

SHEGIR ST £ VR ES - IR B REG LR Ed - B[R REME - SLEHA
HYRE gm0 M E — KRR R A HE ARG « BENE RS A R 2 —2%FH
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PRS- TR N A/ MO B B OLED Bl © 5 — R AHE AERIE L
SEEBBOTR  MREN KNS RABRGRET 2 OLED BURHE - Bk
B TTREHE Micro-LED HUFt » {EL — % HO3E IR I R — MR R B 38 2
SRR - BRI T R - B - BEARIAGE - FHENFEE
BB TN VS IR EERIARE - BRI AR — (R - e AT
FEFZEHOER - MREKES OFE - BRFRTESE B -4
B © TETREEATREAS  (LRIRADY FIEIBELTE - FEFHURER - AMER AL
IR - RIS A R — (R AR - R — R 5 A AR
[ — SRR - RIS BB X AR — I A TR - B T e
AT Al
1 RLLARAE - BB FPATORS B R s — IR R B PR B RS At T
F o HATEFARE RO — SRR -
2 STRMETT o KBS S TR BB A A o BT BRI R 5E
T 2 25 HO R P 6
SR EE A - U R R IITIRET (near eye display) T/LGERL » F(EAL
B ST R RS T o O DA AR — ECRERRIEAT - AR RIS AR (see
through) FITHAE®) » HOREELI B IHAHEEREA » TR T HORSE (1 A8 A RO V5 B
BB AT T OB A PR BT SRR © B SRS B R -
EERTIRET R EERS - AR N R A R - S
SEFNRAEHEE (mixed reality, MR) (IERY - EBH RIS HS FHE T —(HEH - B
G AL E GBI (HER U SRR AT A AEA SRR
AHBIE - 5 ERBURAOR 3D (G » (LR R F R R aREE 0BT - I
B IR AEA  SOEERIRE BT EEEE - BT E A A RREYR
9N - EEERsA A A ER S - R AR R RN SR - RA
HE ST R B A R R S LS R SN T R - 1 B B T S R e 3 D2
LG 3D W » EE R L RS G (B BT
BB (RS S (B R IR R - 20 B ATE R R ERY 3D Z2M%
3 SRR 3D Y - AR R A E T - R B R R B
B R A BDIAENT HUD » DR & BB H B Tk 2 A\ S 2 05 U R 2
IEAOHEL - SERFIR T 3D PIERHRY « BISREREE CIOOREN - 3D MZ MR — (At
WESAH - WAEEIN 3D 2RI A S IR - Sl
B FR R W - ST R ORTRI  RLTE R - RS B AT R e R B
RIBEE + AL IMOZERT R AT LLARERD - (BRAEEMN - [ B8 - APHES
PIRIZE 2 PERS » 3D ZERIZEIEHI T HECR 1T AESEry o PR AL (R 3 » BRI ACSCIR T
TERDEER 3D FHEETSN o kR CIVIS BIRGBEIESR 3D 22 RN
BHRHUES -

— ~ E/R 3D il
SN 3D HLIHHRIE A T3y 3D ZORHRER 3D B - Hrpi R i = e Ry
ZORHRL ¢ (% AR LI S (YA = R R SRS - bk — A 7 T AE
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JE LASHE (2RI A FTERY 2D/3D BAHAE L » AR GPS - S E AR A== HE R E
MESCERIIAS | > Al (EHE S EEET - HoE A BB g s

DARTEZCE - Al DAME ARG E 2 > BT =AE - #iEHER - LEDIFE
i ~ BB E B e 02 F S - Blry ik - AR B TR AER - i E o Ry Bl
BT - HREEAN L - WOEEER AR R @A A e AL e
AT - SR AR R OE ZANSRRT AT -

HLVRENRE - RN EMIER - HEREEELEZ - 0 1 R - HEES
FERERY 3D =NEF - SRy 22 MR T - HRTEEBZNAYEA 3D 2R £
FUELOCER BB AR T - HAGHE L B R MRS 2 FoR » ASCEZRBREHREE T DUT
AT ELAR SR -

| Situation awareness | Medical Care Context detection

| Social networking Private home activity

[ Industrial automation Intelligent transportation

[ Police/firefighter assistance |-— Financial institutions

|

| puiicyligiEhidgeodesy }_ Guiding of vulnerable people

|_ Logistics and optimization !r'ﬂ

Structural health monitoring

| Construction assistance } Motion capturing

y
Decoration assistance I 1 .
l Museums Underground construction

| Augmented/mixed reality | Scene modeling and mapping

U Lnobo3pggbooooooooboo

Company Precision Ways of positioning Active/passive dynamic  Functional Kn] Indpend
LG Innotek 10 cm Ultra-wide band wave Passive = 3
Ubisense Smart Space 15 cm Ultra-wide band wave Passive b b1
iBeacon 10—200 cm Bluetooth Passive 4
Hexamite 0.3cm RFID & ultrasound Passive/active
MIT Media Lab 71—164 cm Geomagnetism Passive
IndoorAtlas 100 cm Geomagnetism Passive

Intrawave 30 cm Ultrasound Active

CIVIS <1cm Light wave Active

02.003p0000000O0OOOOOO®O
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SERHIF A E 2ol - HPESEE (lidan)? B2 6 EE2RBEZEA -
TEEN 3D ZHEME  BALHEEUTENAMSEEREEFWY+ARDITHHEE
(vehicle) » AL EIFHAUIEREL — ARB+ AR BT » 2ZRNBE=1+AR - %Y 3D fFH
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1. SRR

FEREYE (structured light) /2T 2K MEZ ER AV - B EEACE B — SRS nI#
5 AR El—(E R EEE - EHHYRHMEFE Microsoft Kinect 1 HY 3D ZREFGHIZSEL Apple HY
iPhone X Y Face ID BRI o fEHEEZ AT LAR] AR ZKIERHT 3D o8t - HIFFR{E ARG RS TR 2
HURRET « RAFHIRGREVER T RESTR IR BT RIS RS LR TE s B IT i s My R AU SR T8 - (HTHY
GEEIIFERIZE o BRG] DS B AERT - SR n] T ASE T B PR
BHILE - A YRE A e —(E A AR - A B & R e A BRI LR T 3
MEEMEBENRS - AR REERETZE 2D MR - EEEFEEEA SR BT ST
ZE4E 0 HIL 0 2D BRI EREEEH 3D BT - MEfEEER T IEBIPHIER s ZERE B P A e
HE GRS RS AAME—RTE - Bt KRB EhE &
— B DMEAR A ] EE2 (geometrical optics)” &G - FIF LB - B F AT
PRSI ETE - DLE G T IS B rag - AR - BuiE 5 R TR RS T R 5
Bt HERRRKA LR G55 BALE EER - SRR TR D — S R ACER S
EHEG - I SRBER R AT S AR N - [FIFFEEEth &8k - A R E— (5
HIFSIE I s A R Ir I e — (BRI AV 2R - (H2fE— M EES L - WHERE
HIRRTE] » - PIR G E e DU LR 52 T AR ST AE RO - 12 DA B2 (diffraction
optics)'? MBIy - BEEHEERER R CI T - & — (B M F sl sk 1E 58y LA
THEL UG RS A A ZEREHA (inverse Fourier transform) FY[EITF BUAE NG » JEARTEASERLAS
TERN g A R RZ I R T 2 AR RS - B R B M AL T » BRI — (AR PR A R 5T [
1 o FefM1E X EER (Fourier optics)'” HYESHH A BIR] T/ - s i K58 AE S0k 25 B K 1
* B RO SR TP BRI T B REAE—TOR DA » 2Bk - Bl ey iRy - ok
B R T LR MU SR B R A S35 (far field) AUEEEYY - JREIER AT A PEEREN ] 2]
"Rg ) WO

PRURs BRLAE R 26 BRI R D 2 S B AN B 52 SR RV DN - DUz A= e B Tl T B T A it
MEES - SR T AR R SHOEE T (diffractive optical element, DOE)!" « RAFHJ DOEZE
RERC BRI B HE 25 2 ARG 2 S (e 17 B 2 i BRAEI (57 - DRI LG W] DAKE S A B B R s
LM 2 - AR B ENEER G R TFEE - EROERARNERE - R
DOE HYBHEARHy563E - FILERHOEAREGS - 50 DOE MRS EEES - B T DOE #YH
TERESMIEFI TG EE - 74 2o RERYER AT % » T8 L5 ARV ALIE] H BBt 2 B2 DAGE 5 B AR
TR —(EAE 2 BRI ZE RS (BCR N EAEGD) 7370 » BERRET HH RIS R £ 23
FHHIFENTRE S ERCR - AR EZ AL -
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2. HERRITHERISTE % (time of flight, ToF)"?

ToF B4 B RNE — DN H R0 S R P Y B I R AR G T R PR B Y 71k - TEHSR
WL FHELA ToF MHEEAGR - FEEMRLIMNGOEIR » BOCa: -~ 5258 ~ FREh 2T FE % Kok
B BRI F TR - AR E IEMA P B R A R SR AR - H BT EEOR AR R
A1 Microsoft Kinect 11 = HAHY ToF fHH = EE DUEMAHESC M R E - FHERZ R 555
oy =X B A A B RS SRR &R H Y - R RE/ D - RO EEE LRI 3D 22
fERHER Y — KA &F

kT =CR RS B P - A0 3 - R HOEIER S — (B 7 (LR Sy
RLAMEOEIR - HABRIRINF TSy ¢, - ASEPIIE RN 1R - FEROE S EIRIE BB A IR R
BEE - IRl R AT Y A8 © ROt aL P BIRE > IR D YRR ER T RE e = R - T
Az — (] 5 58 SAH [R] B9 TEAH B S RH A W SR IR e o AT Ry 0 3 Bl ERT e 7 B Bl B0 B R 2 2 Ff
EIAERR » U — &R SCFHUAE 7 il IEAR R R I N s i SR 2N 2 E T & Q, - —Hi7
SCAERB TR SAR B SR T R AEFE T & Q, » L {EFEALZ LA Q,/(Q, + Q) » HIERITHY
FESR LA » o 36 b 5 i R ARG P P S e AR AT BERIE N —~F (Cty/2) > RIRT S eI e iR
Bt o EAE AR HNEIS RERE - M PR IRE =AY &S A R I B - R Y T iR 2R IR
T R UTERE D I B, - I B A 2 2 —(H& ) - HHS B S2EER SR Q)
Q. Qs # Q, » RIS EIARMFRE AR  HiEEa PR

Os Oy

arctan m (1)
c
4T 2)

e IR U B I L AR A - (BB (1) AIDAE SR - BOLTTHHY R .2 (RS R
2 BRI B AR AT AHER - m] DT HE I B e e L -
3. s Eg e ENE"

LR G B A B A [ 2 P {5 B AT A [ i i B R 22 2 T R i I )
FIREEE < SERETEEE S BAR L - B = AN SRR - SRR — R EE
B IAR  BREEEE B e BRI R IR HERS - TR% ) PERVIREERCR - ISR RS - HE

Object Emitter
- to e t t
_'| I' — I I'. - E
t
. ]__1I — I__l /'\,II | Controller

S | |
rtz - | T

"U'l

Sensor

03000 ToFOODOODOODOODOOODO
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PR RE R A B/ NUE » SRR - _ERGETBREES —ERHEEOE
ANLAE ARG BRI — RV RE R R LR A A 5k IR B P S R e
= 0 IREIE R B P S AR R R T SRR A & A 5 B R MR R I -

iy =R R E AR H AT 3D EHIEYERE T - HRIEIEBANER 1 8% 2 Fos - R
REE CIVIS EIFXHY 3D ENEHAHir# A E 2 - ik 7/E ToF APCIREIFER EEHHE
AIBTERRERESD - 7£ DOE Bt AR Tt B SlEIRES) - FEASROETTIH - FAEGETAYIE
WEREEA B BT UEERATRE ST © Folth - FHoRRERH CIVIS B SR T — (B =L AIAS 1
JeEkET » RO T RGIE (5 SIB) ATALRAY —#EMRSY - 3% SIB SG2 S LESEIRIEE Fr
AL > FAbR T ARG (B EE) S - REESIRE R “E\-ﬁ%%ﬂ’]a‘ﬂ% DAL P L A B
5 134,217,728 WYL - SERRAVHRIE B A LAV DTRERIIRE - FRIRFET B LthEA
AT o FZEBRATRSRECEIERETRIT I B - SRAR R L HEdan s 3 -

=+ FR 3D IFHEER

ZREMIE N 3D WEE - A BTSN - B2 - H2EN
Bt - RIFEBRAEEREAIYICE - AT BUE RS - BIERS DlldyER > BEERED
TSI AR R T A ACHET T R R B pE B AT - S RS Y& A B2 — T R B RCRE Al
FRHIRLEE (point cloud) B} - ANE 4 - SELERISEERIER TR REAVIRFIIN - BEEEE S

0igoogs3s3poogoobooobog oo

| swewrnd i

Precision in short distance
Precision in long distance
Precision for colorful target
Precision for dark target
Multiple camera cross-talk

Multiple reflections

OO X OP> X0
@] < BES O 13> (1=
X OO X OOO

Calculation complexity

0200003 0b0oogboobg ab

Dark target
Long distance
Strong IR environment
Feature-less target
Triangle shadow
Mirror surface

Transparent glass

X X X X O X X O
X X XOODP>D>O
X B> B < @] © Bt

loop-closure error
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Kinect vl Kinect v2 REEINGNS CIVIS
(SL) (ToFC) D415 (SI) (SL)

Depth resolution 320 240 512 424 1280 720 1024 768
RGB resolution 640 480 1920 1080 1920 1080 4912 3684
Frame per second 30 30 30 21
Operation range 0.8 —4m 0.5—4.5m 0.45—10m I1—5m
S |
Depth V.iew angle 43° 60° 40 4° 66.7°
(verically)
x/y resoultion @ 2m 3 mm 7 mm 1.5 mm 1 mm
z (deep) resolution @ 2m 1 cm 2.5 mm 4 cm (2%) 1.5 mm

THE ZRIFER - 8 AR iR B R W MR AN - AR B eI P
Peth /2 —RRE - FoREE CIVIS BB IR AHE — G BAEREE - HiHME
Microsoft Kinect 11 BB 24T » Bl & FBASHYETHEEL SLAM (simultaneous localization and
mapping) A FIEE - DUE SRR BB REZ NHET 3D fili - SLAM RIS
B 1980 FA40 - fGE=TZFERER - e NRFPLEFET R - CHEHHE 225 i
FHEEEA « CIVIS I%ﬁﬁfﬁ S EER 3D FEE @IE 5) ETEREBENFE - 1EE
f%fﬁ'?mﬂ’]fﬂﬂf fi B Y B A B SR L B B R BERE - BRERe BRIBEETTE - Bk

TIFHEHIRAAIR - FEEZ XFHEA eSS EN - RAE X min =R

U4.0030000ooo
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RS EERT - FrECRE IS & B — (BN EEE: - 5 ERIEA TSR, - PHEN TERES
B > WE 6 TR » Rt ook CIVIS BIXSSMEFE T — 1B A 22 MRS ALl -
A DAR SR RE BE 2 T T B B RS - Bo e BHEEE. - DARST 2 B By 5 FUE T ZE RS
Ed 3D faidftl - EZEmG R - RN ZE R HhRR 2 e ROtHRR -

H SLAM RAAEES RIFRIEHEN T BENEREEAGEER 3D ZH&EH - EE
AL E AR AEEE - R B E R aE RS - MRy e - ballig gt
HANHEAEEMERN - SR ETRLEHERNIE: - H2 A ST R - AeE R —
tHZEFEERRA G - Sl S EN R EAE X L - HITgeEa A E - EHRMENHEEE
Al BEMERREETTENL « FEE - FEHEAVBIEERLE RAA AT » KRR DIFERE
LEREEE R I B REAE—(E 3D AYENZEMRSHERE AL - IR AR I T = I HAEH -
7 BURRyTR CIVIS BIRFTE LR HERE - SELLHERA T DHE—ECEIAI=RN 3D
ZEEBEERERE T - AEh D ESREPEER RN LN EREH B EER - 1L
AR H CRTERILE - thEESHERE TR e A H R - Atk - —ERRe(t » WAIREE K
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TR RS E MR BRIV E R - (B2 AT DA IR B RE (LAY TRt R T I ek
B o 5 e ERE LB E A AR AR S - AR E B R E 2 — (E LS &SN -
BN EERE - NRFTEERE B REHERS R - KIS SR T2 ME R - a1t
— A E A REAEE (A e B P AN A L] - R B RS R EEE SRR - BE
AR EAE SRR R AR R e - HEZERER e —HERSBERL & - SIS B2 — (K
> HALAPE AR VNG PR EGE T - ZEERMEHEZENERSES - EMENEH
REF MR E Ry S R P sk I - = N RYZE A E RN S B R RIS i - st 2 CADFTE
AR TRIE— 1k - SRS S R e E 2% - G B EfE BEA A th 2 A HERY - SUERLERAVE

- Wall modeling

=

Original point cloud

A
simulated

3D space
model

Al object Identify
08 0ddccvisoooooooooooooon

12 FHEFTAN 219 3 108.6



P ] Jt-_r'..-* e

gonb cCciviSOUooonobodogogo sbudgggbobocaAbDgoonooooooon
goooo

o HESREHES  RTEENGEEFZIN - ERZERE TR = K& EE N R &
HARAAT > EEE - ZEEHAM AR B (AL LA I 1 o W ZRAVE R LR
Rk 0 GRS o WA RISTREDBES reE TR - HE 2D B BETR] R Bk
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Rf - —(E= 3D ZEfEfm iR (ERES it 22 M B AN B EL FE 2 R (T EER ~ K ERIR(TE
AR - R EYIRE R AR (TR HAR A o ERALREW RIS 2K - AT AL BUE
FHE - 55 SE) P AR R B A O B L 2R RE S e 4R - SE IR ZE N 3D 22 [t Bl i A
BUER - AIDARENERE - EAGE - ERLE B8 REEEERKTBFERE
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ASCHRT T BUREAERF U PRy — (B2 - RS SR UICE TR DUTHREE
AR ARG EREAIIRER TE T — AR IT BnES - HPRER 3D Z2M&E VIS
(EH R - HIEEA 3D ZHRERATNHRNBEGESR - g EHEZER - WIL=A 3D
ZEHEHE N IT B ER RS o SCrh R T8 T =R R AR T R
FERIEOL © ToF BEITRERGIHIIETE - [FIRFtH LU A, - 58 SR ER B, R 615 Lol /5 ik
R EIRER LinEfE AT - K&k - ASUE T EA 3D Wl EE#EE - LT
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1. Please refer to the web site:
https://www.magicleap.com/.
2. Please refer to the web site:
https://www.microsoft.com/en-us/hololens.
3. Please refer to the web site:
https://appserver.eie.polyu.edu.hk/ITS/docs/w10/See_Through Display and Its AR applications_web.pdf.
4. Please refer to the web site:
https://en.wikipedia.org/wiki/Mixed_reality.
5. Please refer to the web site:
https://zh.wikipedia.org/zh-tw/ B ZZFF T. %EF%BC%9A [HFE# <.
6. R. Mautz, “Indoor positioning technologies”, ETH Zurith, (2012).
7. James Ring, “The Laser in Astronomy”’, New Scientist, 672 (1963).
8. Fofi, David; T. Sliwa; Y. Voisin, “A Comparative Survey on Invisible Structured Light”, SPIE Electronic Imaging -
Machine Vision Applications in Industrial Inspection XII. San Jose, USA, January (2004).
9. For example, V. Mahajan, Fundamentals of Geometrical Optics, SPIE Press, 2015.
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The Application of Vertical-Cavity Surface-
Emitting Lasers (VCSELSs) Array for 3D
Sensing

HE
Jin-Wei Shi
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In this paper, we briefly review the applications of vertical-cavity surface-emitting lasers
(VCSELSs) array for 3D sensing and gesture monitoring. We compare its working principles and
device performances with those of the edge-emitting high-power distributed feedback (DFB) laser,
which is the major competitor of VCSEL array for the above-mentioned applications. Besides, we
discuss the difference between coherent and non-coherent VCSEL array. In the end of this article,
we illustrate the Zn-diffusion and oxide-relief techniques developed by our research group and
demonstrate the high performance quasi-coherent VCSEL array based on these two techniques.
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H =M — OB A (3D-interactive display) ° H F#EF /A F EASEHEAE 2019 4£HY iPhone
PR 2 BT EPE (multi-hovering) £y » ICFEBCEHEE B (virtual reality, VR) BAiEE & 5E
(augmented reality, AR) SR AGEM B HE T =/t — D BB EAE—F -
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Mobile and automatic devices inspire the demand of high-precision positioning and
object recognition. Traditional 2D image detection cannot satisfy the demand of accuracy, and
measurement turns to 3D imaging to fulfil the requirement. Structured light reconstruction method
is one of the most adopted method in many optical 3D measurement techniques. Due to its
acceptable cost, robustness, and data accuracy, structured Light method has been applied in many
mobile consumer products. In this article, we briefly introduce some general methods of optical 3D
measurement, then explain the principle of structured light imaging, and the coding technology that
affects the efficiency and accuracy of structural light imaging.
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C, il Cr BB EHEE A G IRy a, (u, v) K ar (u, v,) * R EILETEES 5 BIE T e
= BEAHBEEE 0 O, F1 O, HYERR - B4R a0, F1 2,0, » SYNEFAHOE. O, Bl O, 1Yz
TR AR I P ERAR B s A i) = A SR B PR IR s AR A0S » 2 A BARUTH AR (X, Y,
Z) -

AR AR VL EC R R, - F et E R R AT~ FERRFE R T 22 B DUk A (T
2R REAE B AR RS R AR BT A AR = FE R - (S SEUCRCRERE RS (point cloud) B[I/E
VIR =HER AL o KR B AR SR RO B FrRE H BRI UL BCBE B E 28 - PR LUE P BR R i
PB4 (sparse reconstruction) * F5EE{ TN EE (dense reconstruction) FEFF B BGEE 73
RV RS R EAEEE G R BRT G LA - RO AR SRR Z g
BEEE - G211 MVS (multi view stereo) a5 W st (5 R 7 FEH IRF I = HE A& (AT R RS MR 28 T )
R R B AT R iR R GRS R — B - A E R & B T 2 UL RO E AR -
(CESEZIOAVA:-£ TE

2. fEREE R

AT e B DA B R B 1 L W M s R R S B UL RS - (ERH BRI TTACEE K
A ECULECAE AN B AT - SRS BRI P 5 B L0 e 22 7 AR UE RO RARE - R BT RSE%
HE R BRI E o BERATDUEEE, - R REIRFERA - BEtatrl DR e K
&~ BeR (8 3) -

By L — i i e H 2R - IR R E R AR R E R
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FEIRERIAREES - FTDAR KRR T MR R R ILECAE - SRR T B g
RATAL A T HAERERS AR R B RER AL T ENTREIRY TOF JIiEE A EE - fI - Sl ks
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O4000000000%0
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B SURME ARG 12 S 1T SR LR B 0B - REEIREDE D BT - S -
Ryl ZREET R MG RN AR RCR - TRIFSRIAE G CMOS [ 51 58 I A e & [ A Y
BITsE s KR -
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WK > TREFERATRE R A R REAERIRE (T RR AR - BEIRRGIR ' = MERRIN R 75 B MR 5
B HERBER - R /KR EE S TRE o IRB i 6 RS R = MERR BB 5
% » 1B Yole Developpement TEHI® » 57 HA P 508 1 - B )y {65 FA RS R A 1l -

= WEECR BRI EIEE

Tt B F AU REAREA] 3 Foeh  BRA ~ =BT - OtRL B2 RSO ELE DU RS
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}/Base line : b 2 X2
f Projector
5 ,p/a'mera ! :

P2 c [oF
O0s5s00000000000000O00000%Q

1. AEEREE LRI EARE

JEEFTE R IR E A = AR TR R M AL E - H 2 (B S R RO AL R — IR
SRR - FRAERER G UGS OB S E AR - (Rt E SRR A (i B A R 2
BB RIS REAEIA) o 16 5 BURER RIS RO ik il i AT rl e e B P R SR T A 3 1 - R E B
[ ZAH S A — RS E 2B - 15 EiRES B A BB AL E p o~ BBV AE B
FNE AR B R0 3 IR PR AR AR b ~ FERAREE o SKHGZE RO PREIERE Z B E x - B
SRR T {7 P ] 2 Y 5 B 8 0 R s S5 P AT e e AR

(1) /At
5 hEYItERE S, B BB | RBiA  BEREETYERE OSx 0 | TTRRE

= (1) :
Z

tan b O_xl (1)
REHFLEVEIFH - =12 OS\x, fil OCp, fA{ » AILAEEI (2)
4 L
Ox CR )
B 2) A (1) HilE 7, - TLUEE ox B2t (3)
O_xl CH_btan 1 3)
f CB tan
58 3) A (1) K > BTEISH S, BiEi s iR iE B sEE 0= (4)
f b tan 4
' f CR tan )
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(2) #iAEEAT
5 hEIERE S, B REA , iAo BB SR OSyx, 0 , AIFRRE
(5) = :
Z,
f Px
EEFELL=ATE 0Sx, fl OCp, * RILASE] (6) =

_Z L
b P)C2 CPZ

)

an »

(6)

¥ (6) A (5) I E Z, - ATLUEE Py, s (7) =

P — LS ™
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{E8 (7) FOA (5) 3% » FILMEEIREE Z, B (8)
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— 8
f CP tan , ®

2

X Q) AR, i - HIEUESEE A EVEMRMEE &S - AR ®) /G
RO (5) » EFHLRG AT EEE Y v B2 R _ LR =HEEEER -

tan be tan b y tan b y

, ) 9
f x tan f x tan f x tan ®)

2. (FAEB A AITR EIRE

i e G 2 A] ARt R i AR LB AN BRBOE - FR AR B B R o 1 52 B B B A5 )
S Y EEAfE R L AT 6

REOELL o AST - LI SE R RALFEIE Sy d - 2 E RN RS 4, K
RO B2 F EARR s |, > 25 PSR 2 FR SR LRI (10) X

>
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S TR AR AR - HEIE A RS E R B A - DU A 2= AR s B =T iR
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Applications of Fringe Projection Techniques
to 3D Profile Inspection, Velocity Detection,
and Deformation Sensing

REE -~ BRI
Wei-Hung Su, Yu-Heng Lo

UOogdon (fringe projection) U0 00D 0OO0DODOO0O0O0O0OOOOODOOOOO
gobooboobobooboobobooboobobooboobobbooboon
gobobobooggbooboooobobboooobboboooobboooobobooboo
gboooboobooboooboobooboooboooboboobuoobobooboon
gogboboboooobobobuoooobbbooodgboobon

Profile measurements performed by fringe projection techniques have been commonly
studied for a while. In this article, we extent its applications to the fields of velocity sensing and
deformation inspection. Advantages of the proposed method include: (1) capacity of non-scanning
and full-field measurements, (2) system simplicity, (3) fast measurement speed, (4) easiness for
calibration, and (5) low environmental vulnerability (a major problem for interferometers). Only
one-shot measurement is required for data processing. The full-field property makes it possible to
inspect several objects at the same time.

— ~ R RITER R =

1.1 1SHUAE (L B 2R B BEAT o RA s 14

R s AT E R =#E P i 2 I - B —ZE R B iR i B 2 (sinusoidal
fringe pattern) &2 ERRHIYIHEE L - &R ERIGREU T A5 —ii A /Y CCD Fracssk ©
CCD Fr I RALT i » R E P BG Bm BRIl - e it dh A2 FE AN A I ) B B o R B A L
GRE - MR TAHGL—#MEEE L BAFREN (phase-to-depth relation) » $RE L RA R AT 0T #E— 15 2]
YRGS = HEEAR - EOUERZEREANE 1 A - K —FERERMrIE S - R R

=
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oz Image sensor array

on the detection plane (Xg, Yq)

Telecentric lens

Projected fringes

lllumination intensity in space:
It (x, z) =a+bcos [2 (X/Ty + z/T,)]

Inspected object

Uirgoooo

Ve b - PR iR R Ry

2 x 2z
T T.

Iy(x,z) a bcos (D
Hita Ry ETUHE - b BPEeURIg - T, K T, 73515 x 8Bl z S5 A RsEE - A RrPeEry R
U FREL x-y SR EIRVEERE R Z(x, ) - RIFETRY)BE RN SO e a2 Ry

Ir(xay) R(X,y) If va(xvy)
2 x 2 Z(xy) 2
T T,

aR(x,y) bR(x,y)cos

Hrf R(x, y) RPIRERENI G 2R - YIiesRH LRI - HHE 1 CCD (image sensor array)
FTRCER - FIKFE i AT 2R Ry

I(xa,ya) A(xasya) B(xa,ya)cos z(xa,ya) (3)

Hrb x, ~y, 7518 CCD EOEARFT B FER K ~ B HHl - A(x, v,) FHETE > B(x, v,)
FGERURIE » (0 vo) FBEEHEAI M o BOCIREBER (x,, v,) EEVIEIER (x, y) Z IR

Xd MX

4
v M, 4)

Hrh M BB SRR © 55— 51 > CCD FracskfYIKFE i - RSt ¢ 1% > AR
G

(M ,M,) KR(x,y)Ir(x,Z) ¢
2 x 2 Z(x,y) )
T: T

t KaR(x,y) t KbR(x,y)cos
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Horpr K AR e EIRIE < R B - TEi s 3) A (5) » A%

2 x 2

(MXrMy) Z(x,y) (6a)
AM.,M,) KaR(x,y) t (6b)
B(M,,M,) KbR(x,y) t (6¢)

AT (6a) - 1FFIFTEERY " AHAL — HEEE ) BAFRE -

Z(x,y) 21 (M., M) %x (7)

X

IREIRRAIYIRERYIE S (BIY2 ERUPREERR) » AT s H EREUERL (M, M) KiG - 2
(M, M) BERTE - R FEEAE A RS Bl (phase-shifting techniques)" + {# PGl i
(Fourier transform method)® 52 °

—e R BN EREREE - S HEBYENEHEN - 210 phase-shifting
techniques HE/TFAN7ZEHY » 15 /2 [AlFy phase-shifting techniques T8 22 fHH =5RDL_ ERYEG: (B
EFRFRREYIHE) - M2 XREFEEN - /NG BIRFEHEERIIES - I LRI S Rk
EL R o HAEE AT R Al 3 0.2-micron® - RIS MBS - HAMNEAETE(E =25 (H
field of view HJE53.Z—% o ZhA Fourier transform method HIl HEEHEN—5R &% (JBHL single-
shot techniques) * HUEHREIEYI#EHIIE RN - WRAEREZGIER - BEZIMERER
T~ BGRE (Pl s2 &R DUR B IR ~ FE AR R 2 16 38 5 52 e AR 2 2B T e A LA (B 7
H) » HCEAGHE(E (XA phase-shifting techniques °

ASCEHE KRBV =P S &0 - RIILREET 1.2 /r#E LA Fourier transform method
TR ZE AN A [ B -

1.2 ¥ A Fourier transform method K& ZB{L o(M,, M,)
TEAT (3) H o GRET IR RS 43 /N o] FH R B R RE i

2 x 2 x

1~ I7= 1 5 ==
I x4,y0 A Xa,ya EB Xd>Yd € EB X,y € " )]
3 Jo2(e) s .
Hrh o B(xg,ve) B(xa,ya) € F o T R EDERE T -
AT (8) HHY x, BH{E—HE[ I ZEE R - BIR]15
U oxiyad A fove S8 Sy S8 Sy O
d>)d x> Vd 5 x Tx,yd > x Tx,yd

Hft {4 x0,y0 3 A(feva) > AB xa.ya } B(feoya) - FEAT (9) T BB EEE
band-pass filter » AJEUHAERE B(f, 1/ T, va)/2 ° B B(fi 1/ T, ya)/ 2 HELTRAHIT BERE A - 0]
&
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X

$(Xq,¥a) 1{%é(fx Ti,yd)} %E’(xd,yd)ejf
) (10)

%B(xd,yd)ej ((xa>ya)

AR AR RL(E B PT AR AR E

Im{s x4,
wrapped(xdayd) tanl M (11)
Re{s Xd»Vd }

Hrepo Im UGRATZEAHE - Re RRIVZEEE - SKIGHEGLERSIEYI R EFHRE - HEST
R E+ ZE - RERASEEREC M - BIEL | apped TRRCL - WZEA FHFEL R BT
(Phase-unwrapping) * jRFNEAE A FE A7 (B BRI RGHEEE ©

1.3 BE:
B 2 B s i E A S S S S B B EE R RS

300 600 900 1200 3.14 1.57 0.00 1.57 3.14

(a) (b)

10 0 10 20 30
(d

02@CCDO0D0000 MO0 O+ 0000000 M, M)J (000
000000000000 (M, M)O()0D00000000000000000
00000000000 colorbar 00 O
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() (d)

g3gobodbbooboobceccbudboboobb@Uubboooboonobgmd
gobobodbdobeboobooooboo@boobobooobgon

EEHERERE T color bar 7R » FF—EHK R 4 A4WEERY8E - SFERE 1 Frx
HIHERR A » AR E 2 2 R EERYHE | - [ 2(a) B CCD Az B - #5H
AT 1.2 ey = (A= (1)) AEBBREEIRE L o i - HAEEGERA0E 2(b) A o FHR
Goldstein’s algorithm {EFHAZEBH » A]1F (M, M) » [& 2(c) FHFITHR - FZEAZ (3) -
AIEAEHEIE S - ANlE 2(d) AR o SRR (E B 2 R EE » CCD ZEREEE -~ band-
pass filter ({E IR AT (9)) HEEEERER - AEBIEENRHEEES 200 m -

Z - iR iR = REE A

21 BENREHEHEE « (R L E Z BB

SAMERF 2 e e B — MR - HZEBIRAEN Y R ERe « BN — g -
[ 3 K CCD TEMECREER A - [BIERY)HE A RS Bl & R B A (e - (GRS B B 1
HehlE 3(a) BYBHIETEGREIE - BREISMHIER 5 B 3(b) BYIEEEF I BRI
S 5 [E 3(c) A 3(d) RIS 2EERESHE T2 L » HEEZEIEN - HIL&ENE
B IRMBIRGEIHILENRENEE Z G0 - FIA0E 3(d) RS L e =
(FHERAE 3(b) 1F) » BRI RV B R (1% RS B A - S99 - (Rt
i RFBEEMEEAA > GIAE 3(a) WEREEEE - HEES(LEEARERETOE
BHRE R LE - S E IR O A GRS R 1T B STR R R S b
Z| x G o S5—J71H + & 3(a)—(d) BIBREB iREHEE R E 3(d) BdlE 3(a) #IME
L) » PR Bt o] R B R RRET - A E I - FRATEST THERE R A HEE -

ARERIE | EERRE - SRR LR (. ) IR (v, p, 2) BEERRTREE) - HIIRE
BRHIED Z(x, y) B E - IR

Z(x,y,t) Z,(x,y) Zo(x,y) (X » Yy y)t P2

(12)
Z,(x,y) Z”(;C’y) » Z"(;’y) ot

HH Z, (v, y) FRYIRENIGR (= 0 FROOVEREIRT » & B D REEATAE - T L R
FRUAEET HEER  i— y— - BREUDBORE RO IRHYBOE TS
#o ARG gy HFlze T
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WL - 230 2) o RETRYIRERE R SO EE IR

L(x,y,t) R(x «t,y t) Iy x,Z(x,,t)
2 x 2 Z(nwo) (13)
T, T.

aR(x «t,y 4t) bR(x t,y ,t)cos

FEECEIIBOLRT . ¢ Y BRI BRI B - k2505 3) - BB IR
b sl A 2 Ry

Tourred (Xa s Ya)  Abturred (Xa,Va)  Boturred (Xa, Ya ) COS[ lurred (Xa, va)] (14)

S o

L umed (s ) RERIEMIEIERETEALE » Ayt O V) B Bijured (s v) T RIS B A E.
Vi H B BRBURIE © 55— 51 > CCD AT {S BB G EL R LR R R B B - Ao

(%/E

no12

Toturred (Mx, My) KR(x ity Iy x,Z(x,y,t) dt (15)
not2
no12 2 % 2

KaR(x «t,y t) KbR(x t,y ,t)cos Z(x,y,t) dt

4Ho t/2 X z

FEBOCRFERA > 75 R (x, y) fHARS x WhER y @il S - AR AIASC (15) AR

h t/2
Toumea (M, My) K aR(x.y) BR(x.y)cos === 2_Z(x.y.t) di (16)

4not/2 X z

KA (12) RARS (16) - AT

Tourreda (Mx,My)  KaR(x,y) t

7
KbR(x,y) t sinc Z1(x.y) 5 Z1(*.y) ; —t cos 2x 2 Zi(x,y)
X y T . T.

FHerfro sine (x) = sin ( x)/( x) * 10 Z,(x, y) FVIRE(ERFE ¢ = ¢, RFAUSREERET -

Zl(xay) Zo(x:y) [

e (18)

y

teg A= (14) BLAF (17) 0 7115
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2 x 2
burrea (Mx, My) Zi(x,y) (19a)
Ablurred (Mx,My)  KaR(x,y) t) (19b)
. V4 Z t
Bopurred (Mx,My) KbR(x,y) t sinc 1) ¥ 1) ;T (19¢)
x y .

FHAZ (192) R > BFREVIRELE ¢ = ¢, ZBEHED S - AT E R FREMIEIGREOIORE - KRR

T, T,
Zi(x,y) 5 blurred (Xd » Va ) 7 (20)

X

WORBAEEL M pured (M, M) > FIFEHAEC (11) BHE | ppea » FHHIRIAE AL R BHEC Ml 7 HY
B o S48 AT (19b) BEAZ (19¢) 154

Bhlurre anM
. Zl(xay) y Zl(xﬂy) . Qsinc] g bl d( y) (21)
X y t b Ablurred(Mx,My)

Hrb T Rsd R E R B 2R RYIRT - W z A MBVEE - o B2 b 3 Bk E 28 B i E
EHIRIE - B RTHITE -
HZ HIIRFZE R A H© > A 21) BT EEE ™R E
1. g IR e RS B HA R 2 A B R RS 88 (L - JRENAEL (15) n{EfR AR (16) HIE
R ¢ D =15 AVA
2. BENMBE Z WE/NA T, BRI EIEERE Z, (v, y) WERHA] - EMERGEE &
R o FKIEAR (12) 0 AL 21) KIS — R

Zi(x, Zi(x,
xl(y)yl(y)thz (22)

x y

AR QD MPBEERE (,, ,, )EEIBE( 2/ x ~ Zi/ y) > GREEEE Byured/
Apryrred) R At - HESH Z, (%, ¥) > Byymrea (M, My) > Apurred (M, My) T, EFE2H0 IE
HEER R EIRE - B Z) (v, y) FTHEAR (20) FHEME © 21 Boured M M) ~ Ayyres (M,
M) WIETETTE - RHR R 2.2 308 - AR Q) A=EEARAE - 2512 >, 0K
BT E (AR TRE A RRE =AM - BEAEELT « fEEMEE (v, yd) 0 BN
PREREE (E2X 0 38 N {EPRARBRED A 2 Bl i peer) - B N >3 FERERER AL
(21) & - "ER N HGRER - BN IR DIAERIREREE (, ,, ) BE) - KIHE N E
RRAEE L ZEBRRA  AMKER/ T (least-mean square method) HUFFHEH
)E o
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hy Moving along x-axis

e

> 3%7,»

= Moving along z-axis

CCD camera

Projection lens

Hologen lamp | Sinusoidal fringe pattern

4000000000000

2.2 %A Fourier transform method K2& B,,yreq (My, M) * Apiyrrea (My, M,)
EAF (9) o EE—(EEE R band-pass filters » AJfEIH A (7, y) » KB G E
TR Appyred (M, M) > FIFE @I IEEHEORTS - A0 R AT

Ay Kasya)  HA feova '} (23)
A TR AR BIRAERIE Byjyred (M, M) » ATHZAT (10) 1551 -
Bblun'ed Xd »Vd 2|S Xd »Vd | (24)

2.3 B

FEZAREAIE 4 AR o PR ERR 4 A0 EEERYIEE - 551 E B REE
Ve b EMESEESANFEG A~ NEEREEE BRI E) - 201G HIEIEK 5 5
PAC w5 2)=(8.71 mm/sec., 0.0 mm/sec., 0.0 mm/sec.) 5 (0.0 mm/sec., 0.0 mm/sec., 8.71 mm/
sec.) T4H] °

5(a) RyEIERYHE AR &S SRR G - REUBS BRI - B 5(0) HFIFHA
2 (23) TSI E RIS (B Ayreg My, M) » EIIRIEIEI MG Ayjyreq (M., M,) HIFTEHAZ
(24) KH - HAERAE 5(c) Fr » HPfg—E 53N EE I band-pass filter JEFE © #EHA
2 (11) ATZERUERI AR AL appea (M, M) » HAMZ0E 5(d) FR 68 Goldstein’s
algorithm fEFHGLIERH » FI1F e (M, M) » FKIBAF (20) - ATEEAE £ = ¢, I (AIBROLE

12 5 BRI » [ S(e) BV BRI SZ =P - R MEHEER R 200 m® -

HGE R B FH O I R R PR AR RS (B EREEATA 8000 (EEREREL) - AL (21)
% » EEREE FTESH) 8000 {E G2 - PR/ NETEET A BRI - HAL R R /2 {IBkEE
(o ,» 2 =(8.25 mm/sec., 0.10 mm/sec., 0.87 mm/sec.) * ELAHIERES ( , |, ) =(0.09 mn/
sec., 0.09 mm/sec., 9.05 mm/sec.) °
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0 250 500 750 10001250 0 140 280 420 560 700 0 80 160 240 320 400

(c)

3.14 157 0.00 1.57 3.14 0 8 16 24
(d) (e)
05@00000000000000000b)00000 AyueM, M)O () 00000
Byurea My, MO () 000 O M,M)J(e)0000000000000000

wrapped (

gboooboobobodn colorbar 000

= R ERERR = s E 2R

HAFHYEIERES - TR EA M - BCRMIRE - AT T YIRGmlE— K& FEL

Wi o REE G EAT

1. R 25 1 R P AR B T e e (E NE B - FEE SRR A5 = E DL EAYERERES - &E—
BRI PRERBE AR AR R (. ) B8 - ATRJKEET 2.1 Akl - 58 SEpRER B (X
Aﬁﬁaa’E%?¢$ﬁ& HUSEE/ NE SRR B (0 )

2. SEEBR =M & (1, 1, L) AT ERIREERRE o %%%F(xy .) HFetEsk Y -
HERZAEE 4 Frr - WY ERNEEIEE L FEEE (., )= (754 m/
sec., 0.0 mm/sec., 4.36 mm/sec.) FEEFFHIVIERZH) - £ F SR EIHAR - CCD HETRGHE
HY » BREHFRE R 0.3 7 < [l 6(a) By CCD FEENAS S - IR (20) - AIKHBEE 12
RFAIBE I 3 - 200 6(b) A7 © [ 6(c) B (d) R e/ NE BRI HIAE x-fE -5 2 PR
Grfi o IR ZEE R Y B DUAE R SRS B - (RIHLBR T8 @A) - S fadl @R 2
BAFEHEE - AEEERBEIEAAHL (I =2.26mm ~ L =1.31 mm) * z-fili AR & &R =
RS o BON BRERENEEMEE 2 KR T AP EENRERbEk -
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e.(0O00O0OD0ODbO0ODLO0ODLUOOGODOOODDOODEeDDOOOD x»-O000
goodb@uobuob 00000000

It

A E T s Bt 2 &R ER - (EREReG - BInE R EREY IR aIlbFR
B~ =HEREEE K =t & o HNE Full-field measurements » FT DARFHI® 5 5 o0 6 35,
B3R R B A S AR+ BRI ST im A HY EC At AR BR AR - BAN Ess i UIRR 5 (Rl AR
& SRS YVE W =MV AR R B - REBEIGE o ANEREMABE Z KRR T, K-
GEEMORIRRZE - FRIEEE R R i BRECE N - 5558 » frtaiBl i S e B A HA
SENIRPERALET - thE E A MRHRRZE -

ZENR
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Semantic Loop Closure in Simultaneous
Localization and Mapping Systems

HmEF RAR S RHAF  HEE

Che-Yu Yang, Yu-Cheng Zhang, Yu-Shiu Chen, Chih-Wei Huang

UoObOD0DbO0OO000 (simultaneous localization and mapping, SLAM) DO U OO OO
goooobooboo sspbooooboobobooboooobooobuoobobooooDog
(automated guided vehicles, AGV)U D OO DO OODDOOOOOSLAMUODOODOOOOOODOO
oooooooboooboooLpAROODOODO0OODoobDoonDO sLaMonooono
gooooooobooobuoobooobooobobobooboooboobDooboDOg
gopooooboboooobooobob stcaMbOboooobooooboooooboooo
goooooooboobooobooobooobooboobooobooobooboDo
goooooooboobooboobobooobobobooboooboobDOoboDOo
O SscaMiogoogooobooogoosspgooobgoooooboooobgoog
SLAMOoOogooooobooooooboogoobobboooooboobboooon
SLAM O OO0doooooboooooobbooooooboboooooobboooon
gobooboooooobobooobobbooooobo 33pooooDn

Simultaneous localization and mapping (SLAM) algorithm is one of the core technologies to
build 3D environment data using optical sensors. The technology is widely utilized on machines
such as automated guided vehicles (AGV) and domestic robots. The performance of SLAM
algorithms is highly depending on both the software and the quality of optical sensors, like
cameras, LIDAR, etc. Loop closure, one of the crucial SLAM function component to highlight,
is responsible for detecting visited locations and correcting accumulated errors. Conventionally,
loop Closure calculates the similarity of scenes by comparing geometric features, but in scenarios
where different scenes appears nearly identical, the performance of feature-based methods degrade
significantly. Therefore, instead of using geometric feature, we introduce object recognition
combining with time-spatial sequences to evaluate the similarity and improve the SLAM process.
In this article, we first overview the SLAM process, and then give the introduction with object
recognition and time-spatial comparing schemes. By identifying landmarks objects or signs, we can
better classify similar scenes and improve 3D indoor mapping results.
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—_ 45 B8 A 473
- BHEIME

[ B 1 (7 B HB [ B (simultaneous localization and mapping, SLAM) /1% » @17 3D &
& DL e SRl R —THE B E - ERURERETER A AR SR B B RV R
ZEAE 2D B¢ 3D Ml - 3l B AT DAMEET AR BRI SR A A A A A7 & o TEBT SLAME -
tas A\ RI IR a2 HAR A B - (HEEE AL ERERGERE © (1) a8 AR B EW
- g e L - (2) WA B ERE Rt E A B - SRS ey NERIFEEEC
B AT ] BB Y T g - BIZNADEVRE G FEREY) - B8 SLAM [ AR H 73 B Bif b Al
PRI R ARy FTRELR - A0 1 FrrYm e SLAM 284 - f15 -

1. FHEEREL (feature extraction) @ {EME SLAM H » T 207% @00 F o SRR -

2. i BLR2E T (visual odometry, VO) : fhETHEHENE Fr Z FRIBARRE - BIAD « SBHERFEERIAI RS
B e -

3. {81l (optimization) : i &y 5 B 5T B P ER A HIE Wi {E20 B AGE T RAL -

4. PABEHRE] (loop closure)  FHZKHIEHE 2 A2 5 FI5E SR @A - AIRPABREE - &l
RN AR IR B -

5. MiEAE - IRBE(LERRE G PIE R EERE - IRIBFEE AR 3D 852D °

A SLAM HEERRGHIZS 7T o R =FfEdEA) ¢ (1) BEEAHHE (monocular)™? ~ (2) T7A4HH
f% (stereo camera) ~ Hll (3) ¥ EEEHEHE (RGB-D)® - 587 B H AHBER b A — ([ #558 » S35
FEAME F 2 B R ETT R - ZR15 8] SLAM PRV NS - EaHERZEIEN - 15
HEE B IR - BVl EH eSS s Em AT A BEEE YIRS A& IR/ - PRl At A AE
BOFHEE - SN EEFIE A o TZ RS ARG FH a8 S UEEETT SLAM BRBE - AT AR {5 R (I8l 5 5E 2 R
HIERR SR ER R A2 MR - T DUERAE R A RIIRES - (RN EER RN ENER R IES
PEEEEEN o (PR P AR RS i A LA S B B 7R AT P T SR L R AR B B35 5 2 A R -
T IRFEAE P S e =R A T SEPERY R RE -

TEERICEF - 24t T DU TR lr RS
1. fEF [ — 22 M52 B Y A BB B - B T (L ERHUE AT DGR PR Ao HI 56 MR -

2. FIFRE BV R AT B 2k B 58 SLAM HHAYER B R (LR RT AT -
3. R A B REE o R AY - A5 S V)R PN S SR AR AL T R AR b 2 A5 2 AR PSR (Loop

closure) °

AUl &

BEIZER BNy RSERR: W B mr wERE

; ERIEiR J

0100 SLAaMOgon
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FAMATHR AR B RAB AR AT DU AF RIS AR DA 5 5 - T SLAM AV E
HufEFRIR - T RAY SR BT S A R PR A PSR MR T R E T - =T
fEts e 7 BRI A TUE - SEEIR A 5 (1) BURILET R HFASRIEEL (bag of word) » (2) P17
FREAD (3) 2 AR IR Py F I — 22 PR Ay L G AR 3R P ] - SRR A E e B L
HAMFr R T RIS IR - BB T AR FIRZ e AR AR B R -

— - AR

1. BIREHIRI B 1R

PRI By T AR DU T I © s ABWTT SLAM I - FRAEGFEZE RS - MRS
HhfE A RS - FAFTATDME SLAM & o —(El(E A ERE - B DARE BT i SRR 12K
EIERRZE » 1R 2(a) AIH > KA TR HEERR B AR AR - B2 X, —X, > X,—X; >
Xi— X, Xs—X, - WIRE X, BETRE > X, GRZEVE > M X X, hEREFR AR -
TR E R ARG - ATLUELEFRR R T — B fHIR - B LA R B (S e
FHR H TEIF RN R BRI AT LR - (R X, A~ —E HAEFE#E X; [t M
PASEZ 5 e X, M =18 X, 2RO E - A8 2(b) > @RI AFTHIFI R A ST A sE U P ER
fall - 6 H AT DA R 22 R A

(@)
X2—X3

] X3 | X3—X4 \
X1—X2 s« X2 | _ 1 X4
X1 |
X4—Xs5
Xs
Xe " Xs—Xg
(b)
Xo—X !
. . X3 | Xa—Xs
X4 =Xz 1 X2 X
X1 |
X4— X5
Xs

Xe F Xs—Xs

U2 @Ob0000000000OO0OOOOO
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PRI E 2 » B2 N2 B H CSREERMT - AR EaesnE
BhtkER NaBh e - BRI A —SLBHERRIIER - (HRE(E T AN g 2 2R EIRE] - FhaiER
BB R S A ARARL - 2T R EEMAR < (HJ2 5 s AAE T PAER R I H RE AR5
JBHIZS - HAE SR AR - SRR E B A 9 A2 PHER » A DU L PR B A A i (] ] RE
21IE 3(a) ~ (b) °

2. FARSANELRGE

i T HRIPAER ] - S EHE RS R E R ERG R - A ER UL B b & i R Fri2
ERIFERAME: - SERE T e Fr UL ECHY S B 53 - (R aRIE Fr ol & v 2] - (2Rt E R
ARRE - AIFAESE NREF - SOERE C) RESHILEE, - EHEZ O V) » ATLME
SLAM #NZREM - H—Hik - SERE=mRRA - AR EEMZ HrR S -
18 f 7 i A DAt BB P 9 FL 3 R 8 - (B2 BE 2 EORt R (ith [ B BR: - ] DU 2 PHER BB
RARYE - Fr AR 2B R A T sE 3 AL PHER AU IR Fr A U= R EN (F - JEE H b
et a8 /£ PR (loop closure)

PASRM I TR A WA - — IR EAZET (odometry) « BAREHHY T iEE X E A &
NHIREVIRIE - BURAARERY AR - AR ARG BRI —Fk - Mt nl LE (EAE(E]
5 - AREE AR E NG RER - ga RSSO

Ty T AR IR & AR B P 2 P & TR AR (EAE (appearance-based) » DAL FIEr
BRI - HTER L AR BHERRTRIBEME - R ES - L HAE

(a)

U3 @Uiibbbioobbooobbooobbooomuoooog
goboobobooboobooooon
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Uirgooooooo

= (ERRAEME)
p=s T2
TEH] p=s true positive false positive
(BT AR RE false negative true negative

HERFERBENZIMERNRTE - B - AWRRA - 4 f1 B - AR g H & RIFEIL
M IR EEAREDEEERE T - B 4 1 B USSR RN EERIRR -

3. FIERRAE

B 7] DL B AR E AR - P AR — BRI S T R R A 2 -
FeffmT DAHEAR i PA B A It FO B iR R g 2% 1 = -

A TP (true positive) A1 TN (true negative) 1] PAiE—%f » FP (false positive) 1 FN
(false negative) {X—%5 - ZRIRIFEEEY TP » TN » FP Kl FN FEHFEHER (precision) AlH
[B]3 (recall) °

4. FRIRIREY
/M {# F ORB (Oriented FAST and Rotated BRIEF) j8 &% $2HUIE F- AR %S - ORB
FHRE IR E AL » 73 B R R IO R R it - R R PR U2 AR Y2 FAST (features from
accelerated segment test, FAST) /E &% - MR EE 2R BRIEF /#EE % (binary robust
independent elementary features, BRIEF) fif3lt » FHFAFTE & FrRd iV SR R BUR % » SR —(E
AT 55 HE SO R B B i o B - b 2R L8R (Bag of word)” » I Bow Zfiift ORB
Fi - BEMEERIRETE - n] DR RERA R E - 2B H05ER - — R A — e T~ —
HET » S—RAEMWMET - —&50 - JfTe] IS —RE 2R —E T - —fF
B 58 TRRIG A R AN L o ARIRE SeH - RIDAGH R RIRE < R B PG R AL - AR
e
L R - BRIRERVR R - BRI - ARV W DUE 205 o Rl T i AE 1 Y B
F o Pl B R S IR - R AR R SR - AR E ] DA I e R 2 —
HEY - (B2 HEHFTARBE MY - 2% - A ETIE A — 5 -
2. Tl Py R S P o SO A SRS B S R ) E R
3. PLER RS R b i A e S A AR U -
HPIRER - BEN 7l HEOSREEET - Gl -/ WERRK
wy o owy o owy o BRE A AR FRER

Iy 1w 0w 1w

SEREFTDABE A I [1,0,117 ZRREILIEFT 4 - ([EEEERE - BRE A &L 2R R
PR - R PR E O B BUE R - R B B A (1,221 RS ErE -
AT PARRE T — (@ B A E R IR AR B o~ b R
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S(a,b) 1 i|a b|
w

FH A —(E B2 R A AR 0REL R » Fr DAFRAFT AT DM T F BR R B 2 — {5 BT © 47
FEFE R DU B 8i2ny & Al - fan - e ZalE—EaE k (EHEFR I - SHEEE
FH—AH AR R R - RTDAF K-means sREEHUE (ERTER & IR H A7 - fla0 - F N @
HIERL » STk (EREEE - PERAT ¢

1. FEHEEA & (EEIEHL0E ¢« CLCLC, .. G

2. A N (EEEEEL » FRMEFE HEGEEE N B b (g rh OB EESE - SRRy B
3. HATET B EEERAY LR -

4. AOSF R DB AT I A DB FEEE S/ - AR - 205 BIBR(E1EE —(EA B -
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Optical Scanning Holography for 3D Imaging
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Optical scanning holography (OSH) is a kind of digital holography. OSH applies the
techniques of heterodyne interference, two-dimensional scanning, and single-pixel detection. In
addition, OSH has some unique features, including the recordings of the incoherent hologram, the
pupil-modulation hologram, the fusion hologram, and the tilted hologram. In this article, we will
introduce the principle and features of OSH. Techniques of OSH for three-dimensional imaging
will also be discussed.
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TR H - EMERB R GRS 2 ERE o BRI EERE R MG - R R EH
EIAEA 28 R o B EIAFIE RS - St DS 2GR ER G - WE 4 Pr
o

3. ERZME

TR R GCRHM (B 1) BEHEUEIERIE CCD Rl E - K tRFmie’
St TERERRRERM - BERREAMA —EFR - e EH R EN g2
BHRNERIRBME - e BRI BRI SR IRIECY - LR 2B HEE
FIRFIE - [ 5 RotBimin 2 GAREE A 2 BAUEN ILRE - £E 5() T @ FRCHEE
RIS ZIPIRE £ o Dla >~ b RIEL RO - HRUBEERADCRED IR i, PLR 1y » TR AT EEY)
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RSO E R B - BB AR BES H, - B 5(b) B 2 G RmEHE - L2
G THIEDERRSE SR R IR YIS - FIERERE o ~ b MRS - HYPLESHIRGE r, LK 1y,
EREFI 2GR H - BHRE 5 FERIEZEREER ] DIsd sk V) e RIARBIAHGLAEE - RIHFE i
HeBgE—HE K1 - B MR DUSEIRIER G o 35— St 2 ERIRRoeR
BEREE 2B - B e E R 2 G - SBENE D EA R G Z CCD -
MR - AR LR 2 Gl IRMPE S HIZs AL E - Tk r] DIsd sk FIRE Y R
(L EHEARFERBERAIFRR G - AN - HRTERDEERESR g AR E - R feiniE
HEIFH G - T DR 2 BB E ISR RS R R IE — e 2B - BB GiE
TR 28— MR ESRENEEE RIS - E &R TR IR E A
AN ER DADA—E B LB e — BT T & 258 ) (fusion hologram) ° #& FHEHEE
NE BRG] - R G 2GRS T DA g - AEER - ARG EER
AR - BRI DAE R T 2 BB FEE —EEE DR 25" -

M~ 28 =R

FEAE TR B AR T DA i 2 Bt T =AE B AU BA BT - 2080 — Tk - e 2
] LA EAE R A SR IR R - RTERTAERE N Fria iy 2 B S E i = B0
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| Detector

L2 A ———
Focal plane

(virtual hologram plane)

i |.J'|:_FI'-|-—-__._L__I___. s (b)
Ly B b H_#_Fd-’ Light source

Lens

ccD Object

(hologram plane)

gs.0boggobobbodgobobobidd@ubobodmGouoodn

L - Kl =R Y AL 5 R IR R DR i 2 GOR e - —RKER - =/
O EYECR By T E T R E Y - B0R T 2 BEUR « AR G Rz bl HAYRIFER]
AR el A Bl

1. W2 G REEEE Z &

BT R B TR BT ARy AR - R R G0 R R R — B Y
MR o EES 2 B FRA I B R R TE EU S s R Y SR 8 - R I B S e A A0 B R D i R T L
- RpEF L HAY - EEEA T B = IR E o E E AT RR G -
SRR G AT DGR 2 B E R A 8 % 0 (BB B EREP BN EEMRTE g2 - 54
A1 pE=E 2 7 i 2 G R EUNE IRl R BEAE Y B4R 7 218 (compressive optical scanning
holography, COSH)*" = COSH I Ry i1 75— SIS HRIm s - [0 Mg — IR 2L (S 570
E—Efm R ESRA AR - FHHEREAK - AR B Eiac sk - FIRk T ERBE
ok AT DA K R R+ AR BRI R I o AR Rl — R A0 S A A O A — B P
Rl COSH AYIR RIS RTIEA E#iE T - 55— 51 » # M EEF #2214 (adaptive optical scanning
holography, AOSH)*” Hillx T 7] DUBA MG i 2 R &R & - SE A DU R rgmsR - B 6 &
EMOCER G TR ERE o ERFREYIE 1 bAtawaE - AR REER A DUER
By s(1) ~ s(2)--- ~ AOSH EREIGHT & DIEHERY ST DU UEREIfGE | fEEGE R - AR H g
W5e—dImiE R - bR T FEINEGEFEE T4 (line buffer) FF » SEAFRAT T —5im
ERHETTECE A - BOIRER - BT j VIRIESER - 1 s() e Faha—yHyE
ks 1) FIRHETRRIZS (predictor) HELE « HRIVIAVERHEDUE S - AIREHEEF
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Scanning hologram
s(1)
= Line buffer
s(j 1) f
. .4l
s(])
, s(i), Lsi 1
j
s(j+1) - Predictor
=5 X

ebobuoob oS LODOODO

SRR RIERARR A DL (36 21) FT R —d@di s (38 7 + 1 51) fURETEE | 55ELT
et FIRFFHE s() 2R EFSRTEE o FIHIEZEE LRI R R R e ry 7 =
AOSH FIDfERN K BE A B ERIEN N ARERA FRE R 8E - mim iRt e 2
KISHERE o Fefk > F5 I BUS R R I A DU BR#E EGHT (compressive-sensing) B L
i > JRA] R R 2 e -

2. BRI R

—RCER R R RETRET  FROCAI R T R R A o I 2 B HAR R T A A
SEAT > 200 7(a) AR © S5— T AR DR R G AN EE - AR AT DAETT
EHIFHEIES - FEEERR IR 2 GE AR REAA LT - 218 70) Fix - 78
[ERHFREAEI N Hm R EERR R R BIRIHT - SR AR R IER 2B AR -
A ERE 5 (R EAPEAIAIER 28— 8 7(c) Ain - APRE B =R DL
FEB=MEREFEMN LA RRFNEE - B 8 BlEf UG cE5de® - Hmuye
FE 3 — B E M T o 2RI LR BAFIA R ERHT 7 2 - KRR ENIm A
3 ZEAPBRIAE 8 AV - [ &R GHVER T BABORHT i #iE -

ET E

FEASC R A A TR R R BRI E A DU R M - SCER it i r i A B
FERR AT AR R 22 - R EL R B 2 R T E B R AR B E - It
N - R B R G i T E AR O =AY EEERENEE T BRI R EE
Ay —{ERRRE - BEARERTFIAE B T HIE R 2 & 0 T Db 25 - EeEEE
i 57 HLERE A DUR B R G SRR B Y - AN - LB R R R BRH R L 22 ]
I (space-invariant) HUFRMRIE - RIAE B IE LU B A#HT S EH#A EEEATESS -
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Rotation stage
Optical axis A Spherical wave
- v Plane wave

Lens

'
Scanning direction 1 Hologram plane 1

(@)

Rotation sta“
Optical axis = Spherical wave

Plane wave
Lens
43
Scanning direction 2
Hologram plane 2

(b)

Hologram plane 2

i o
Reconstructed image @ u

"
L

v Hologram plane 1

(c)
g700b0dboboooboobboobddb@Uuuboobdmuouobbde b
gobboooooobooooboboooobobbooobbobooooobog
Uoo0o0boobOonn (hologramplane2) DD OO OODO OO

g8 uobobobbogooobobobboooo 300
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Multiplexed Holographic Non-axial-scanning
Slit Confocal Fluorescence Microscopy

RAFE - TRE > HER > B

Tso-Hua Wu, Hung-Chun Wang, Chou-Min Chia, Yuan Luo
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A non-axial-scanning multi-plane microscopic system incorporating multiplexed volume
holographic gratings and slit array detection to simultaneously acquire optically sectioned images
from different depths is presented. The proposed microscopic system is configured such that
multiplexed volume holographic gratings are utilized to selectively produce axial focal points in
two or more planes inside the sample, and then to use confocal slit apertures to simultaneously
image these multiple planes onto corresponding detection areas of a CCD. We describe the design,
implementation, and experimental data demonstrating this microscopic system's ability to obtain
optically sectioned multi-plane images of fluorescently labeled standard micro-spheres and tissue
samples without scanning in axial directions.
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H%‘“F'aﬁ o AW FCIELESS )1 B 2 B e 7 G A S IR A SR B B ) AR IR i

° oy TIRDIRRRIRREL - EEA AR FLIS A2 R St FLPE 2 T PR BBl - AR
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AP HE B D - FR A 2 (B SR SRR o Al — e A A B
A B R S o Ry T HE— D BRI R UE i L R B s v o B R Y
s TR IER - STHARRTET - BOLREERCY SRR AL HTFE LR A
METTHRIF Y - (HERA L REIT PR R - BN RIS B A — PRE LR (theta slit
confocal) #¢BH% AR LR RFHERMECE - A — R ER TR Y852 AS L
R - RO - ASPEGE AR - RESRENERY) LRigs - &
AR P BRI AN @R R Y A AR IEI (- Feriztf B — i e R0 R R BN
B 2 ABHEZFIRE AR EEIRCR - B EEE DRI g LB (spectrally encoded slit
confocal)'? AEHEIF AT LRIV R - (HARRARNTIE 5 eIk, o SRS /Rt
R E R B R AR T iR Y B - I BB EOERR STl (CCD) A% EAVIRIEE R (R
BAIPRE) AL - HETaE I ERE AT 2 9e 2R b3 Sl i m - SRR
A A PGHE R R )RR B e R o

SEATHAE T (parallel confocal approach)(g) SHIEAEZ2 DB ELES (spatial light modulator,
SLM) _E {5 A BE A 2E B A B OE IR 22 TR BRI B 8 P — (R = i K — {1 et
7 2E R (] e FR G - MBS RIS AT IR ~ Ul FARYZEEDE - AT R (ESP 2 f R 7 BT R
EAR - AT EERE A LR - 550 - RN RIREREN: - /] SLM BZMagEr
W BIEIRE INEE

AR T — A IRE A iR R L R R - R e T E R RGO
(multiplexed volume holographic gratings, MVHGs) * TEA i A FY R {18 5528 (8 S 1 4 £
o ARR PR FLIE R R E R - RIS 2] CCD b - BRSTRI# L A i S AR
SRARAREE » FAPTHY T i LA R B 168 22 {18 % P S IR A R AS B DB B2 U 2 (R T JEE TR 4 e
fitf o B (8) rRHEIEAYRIAE SLM _EfE RIS AE ERADEINE - BRI B MR BRI
G RIRERENY: - I B el DAEAEE ) MVHGs B HR T EMEM SR E - 8 (18)
A0 LR e L B RARAR B - M5 R RE R IR R AREASE SO B it DA R e AR B RO R A AR
HIFAR o FEASCH - ElgRal] T 2 V7 il e fe s e e R A PR RE - m DME 2 (PR
BT HE AR AR RS AL VIR AR AR

—EBERE

1 B8R T AR AP i R iR B e - 2R ECE R MVHGs fF & AhiAg L
Fic {6 1R T A R A P B AN [R] 28 2 AR R o B AR » 3l ELSE FH (R BB 1R AU i FLAS B g A FEARR -
It - 5 CCD [FIFFEIS AN RIEREE NI AL OB R A SR - T SR ZH sl i

% @ HETE 2 5 A E 8 25 L IEER (phenanthrenequinone) TS H B P& % H
e (PQ-PMMA) #HEIIEL & 2% IR A )R (shift-angular multiplexing)® ML o AT LAfE
FATE 2 HHY k-BREIREREA © [ 2(a) Rrcsk 2 GOEMESETRE - &, F &, 53 BIFRREASRAIZ2EE
M - 5 il MVHGs FEfta & (23) #6H -

ks,i kr,i K,‘, and i 1,2,...,M (1)
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p BRI R - RURAT AR SR - DIRFEA IR r IO REY MVHGs A AT
REBERENE K, TEAGS - €8 2 7 M=2 L1 f1 L2 fAYEEFLES TR 0.65 FlI
0.55 R IR ARE R Z A AR AR () 2 68° » AL ZMNZEAK () 2
14.5° > z 32 10 ok - BIAIHEACZ AN FE A AR - HInEEEREEIIREDE BN
AN [E] A EE AR AT R RTARAE A R HLER R PR AR - RIRER] YIS S C B RN A 8
JiE o

= - ERRRER

TERAMAIEBRZAET - B MVHG 1R & 488 SROKBEHIEITRE Ry ~35% » 1R
15 208 [R] g 0 P W {1 e LR T Ry 5 ORIk FL IS AR HRITIE BR O - (E I FREE Ry 200 Z2oKBEAK
BI85 (ULWD MSPlan 50X) * 4% CCD (iXon897 » Andor) f&#EFHEH Y MVHG % Fifi
PedHuu BT - SER AR RS B ST B AEAG FTHE H OEE FE R U B R AT
3(a) ETEERECFERERER - HER 0.78 MUKMIR/IMERIFERIFRIMENTE - &
1F—RAYE - |E ST A b/ MRS RS LR S A ST RS ELEE - AR R S R R Ik
TSI IR & 5 HE IR A H 2 fE (anisotropic confocal effect)®® o [FLAh - SEELL 0.1 ik
HA RO E L BIBER (B 1 K » Polyscience) HETT B B s At AU Bl el AT FE
3(b) B T 488 ZORHEEE I R yivlilial (Z-PSF) HBHIEB R B E B AE R - WHA A EE
(full width at half maximum, FWHM) 7EZE 1 B 3 ok ~ & 2 &y 3.5 oK » Z-PSF &
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THEZEEEBEEE - f£E 4(b) F - HEHEREEBY A BT FE R E R E -
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SELHIREREZ o Wy x MRV AR ER R 0.1 Bok o 6 R TR Rl A iR 5 B S(c)
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THI R A Ll £E AR R BRI S T 2k BB FE TS S et -
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Introduction and Application of 3D
Manufacturing Technology
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Yu-Fang Shen, Ming-You Shie, Yi-Wen Chen
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With the rapid development of 3D printing technology, the precision and structural strength of
printed objects have been continuously improved, and this technology has had wider applications.
In addition to the consumer product industry, industrial machinery field, automobile industry,
aerospace industry, and education industry, its main application fields have practical applications in
medicine. This article will introduce the development status of 3D printing, 3D printing process, 3D
scanning imaging technology and principle, various 3D manufacturing technologies and principles,
and the practical application of 3D printing technology in medicine.

e —

— Pl S

—#f£ (3 Dimensions, 3D) FENFAr LA PR A FL T (rapid prototyping, RP) » TRHK
RUFE fi 2 —fE e iV R B BUE Rl - B 2012 GFEF%A - 3D Z1 B Al w0 Bk sy 9 e AL 8 %
FEHERETRE - I E 2012 T AT R2 3D YIHITTA - (HEE 3D JIEIE i H
80 LA HARIBAE R AR - BEZ R AT SR IR - P2 A FEIAZE SR 3D %
ENFLfig<Ess - Kt 3D FIENB A E R 3R -

3D HIEN R 48 35 B i & T 22 5 Pl B 28 HH 2R Y — RS HI B Y 4 0+ R I g kY
TR o 7F 1980 ERBMEE  FEEMAERS TSR EEZEMBRNE A
% {15 3D YIENHURE R B am i N ET i T - B A EEZHIEM » T 3D SIENHIREE
FERFIAIE 100 m > VBRI AEHEEAE 10 m DIT® -

3D FIEEL i B 7 2 L R B A O
1. TR PR S B EE - v EEYIHIEERRER - NS EYHI SRR ERNE -

2. HEULESELEREAGE « FELEMKEBEEE N Eg LB RLERE - H
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19 R 3D FIENFL i B (EHEFT /2 St BR B AT B A9 B = (& BR-R R A3 3D %71
B 2 — TR B PR AR R AU e B R E R RV BGE 730 It H n] DS L IR 3 2 Al
FHR 3D FIENMEEEE AR AHZER - HEREAESRHIE NS HEEME
% TSEMAREI  IREESE  IUASE - BEESE - BEIEESE - dLH 3D FIEE{ H
RIERT ZHIBT e bR s R A G - AL - ASGREHES 3D SIENFAE « 3D fRffik
&~ 20 3D SIENE i ple B T iR B R B - DUK 3D FIENEL il £ B8 82 L HO i R SE AT R R T
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— ~ 3D FIENARFE

3D FIENBI R B H iy —FE - 2 DL PR AR S R R » iR 7 85 e e 2
TR AR RS S RE IRl - [ 2 A E—E 3D RAE Z B EN&H—{E 3D P
AR« (1) FEEEA 3D ARBAYIE - KA EN R g Bk 3D EASEEhEEET (computer
aided design, CAD) AIfEZ - (2) FEFfF 3D AR K pk 3D 41 E1 5 AR I 85 % %
(STereoLithography, STL) f&Zt&=X « (3) (EFHYIGIEE KERE Y - (4) FHRHEZEEE] 3D
FIENHEBHAAZIED = (5) BUEFATEEERY 3D Pt - HA AT EIRY STL 1% /2 H 3D Systems 28
FITE 1987 FE KB LB gl By —7E 3D FIEIE HAUE =R iR AR
HH A B B B AL R R — B — B B IR R - TR R R O RE S - K2
1 3D B A A (TR STL HYZHRE

CAD &R 3D ¥

3D CAD STL ez BEtE 3D
=aY LES s & TEEER S EN i

02.03D0O00000O0CO0OOO3DOOOOO®N
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BT #5H 3D AIRAYICHS Al fg S AR EN &Y Y42 3D CAD fEAUSL - 5% 3D Rtk
BB /R AT DADAY E) TA2 (reverse engineerine) 17 3D CAD A « 34 3D it i
Dl IR =0 My R 30 - H AT A _ER3 DR R i A B - S =X 3D fefiife
flr 2t B PR AR Y R R Eny 7 =0 (B140 - $Ret) St ERERUS B &R I (E 2] E A 17
3D AR o EREEE 3D fRRh A o EELHIERE (coordinate measuring machine, CMM) J2 HiL
RIREAY - HBEL BRI S - BREGE IR DA F Y88 S il i R - B HJER R
TREEEES  EERARSEEYHREREED - JEEE 3D FFEth R R MG
Y 3D ffl - HARDDOEERERTE - &5 &N EDEIR S BEE S H# LB 2 S S ISR 1T 75
FrE R BN B AT 3D AU o JEREB=C 3D SR HT S AT 40 s E B2 At Eh T e
T - TEIAFREEREIMIREERN 2V - DIREERISESKETE 3D 22 &R » AT Ak
EREEER X SHR BRI AT OR AR SRR R - BhEh IR R R DU S R Y 2 1 S 5
JEERSTRER R TIE » ERTHIINRUR - S AN BIN MRS REE - THERIARSIS TS
A% o EASIEE o AI{EAIEREE Y A EOY - IRA]E AR AN ST RE R (P © AL HY
{;‘%ﬁﬂ) o

FIH 3D fRfiE T DUETTY RS 3D B - AR TRV SRR AR EE
(point cloud) * FEHESEAMBMVIEHIRETZIN - BEVEES - v TR ARE TR
i o 0 3D fmflEPTHIER 2 IR - RS REAREEN - HAERE R
% (ranged image) BEE §/1% (depth image) © [LAh » faffifEn] o B EH R E AR - GERUS
FH IR AT DUETTHM EEI S (texture mapping)m °

79 + 3D FUENRFLAL 5 A B R A

3D FIENFa (e 1980 FFEBHGHERES - AR TEFIENRIT - HrauBmm /R friE 7 R
Ferp o £ 1 5 H s i RASIETR -

U 1.3p0ooogf

i 7

P T e e e
(fused deposition modeling, FDM) PRI E - EREE - HETRm TR

LA SPAREN Rl o e S b

(stereo lithography apparatus, SLA) R LIRS

BT R (digital light processing, DLP) BEEIEE

[EiIRYRE LS Eil FDM 1HE - Al E LYIRS » FIELEE b
(laminated object manufacturing, LOM) R

SEIEMEE B BES (selective laser sintering, SLS)  #R5@FE S

AT E S B A S (T - ST

BRI B

& (Polylet, PJ) FUEIRE R - FTHEGIS R « BRI
- 18545 3D FUEHOAERG - BRI A K B S A

sSSP (i FEPP A EE AA AR A

IR EBA L (selective laser melting, SLM)
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1. ISR RE R B F Al (fused deposition modeling, FDM)® : H Hii i BE 12 (58 A B SPE AR
Bty o HATEIR R BBl A AR 20 - ST A Al 4G & - F AR A ENIEEE » H
A1 EN I EE AR A A (LS A . (PR AT R RSB Ry 0.25 ) o HREZ KA DA
BIER R~ E R R E AR A - M EDEBERE - fEa
FRERREE (polycarbonate, PC) » PG T _k#2K 2 M (acrylonitrile butadiene styrene, ABS) »
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3. BT R (digital light processing, DLP) : DLP %1EJF fiiy 6 F 87 (Y S B 85T 0F (digital
micromirror device, DMD) » 7] DU Y7 ith fig 8 1] B AN BRAR RE A e B 1 S (e 8~ HY LS - s
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4. @R YIRS ELE (laminated object manufacturing, LOM) : [ IR B8 L5817 fil 2 — i kAl
R RS & DUR R AR Z AR - fRE(EEREH - MR 2RR o EEER AN
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5. EEBMEEEHTEERS (selective laser sintering) * #5 FHFEASTEHIE ST RS ML E - B RESE ST
R B At R R R - DADL IR G B EN SR B - 1 2 bk 0 R DU S i e 2 -
R ARKLAR RN ~ R B TIER ~ i 1 P R R i R R 2 B B AR O SRS A S b7 Y
MR EZ - Y - BT A kB - HETRECAES (polycaprolactone,
PCL) FIEEEERE (polyamide, PA) 23 i FH AU RIS o (BEERHALERILEE — EA Rk
TR ARIFAE - R TR B BT e g - 2 ER S E -

6. FEIEMEE B E(L (selective laser melting, SLM) @ SLM %I ENH flired SLS FIEIFL Akl - {HE
TR SLS Fom - HANEIM R e R T - DUSREEHE S 0SB RINE R KRE -
{2 BT R ARt A - AT FIEN B ism e &~ v

7. BEVIEST (polylet, PJ) : PJ FIENIE 2 DIE SR T #0E 3D ¥t - HAEASBE LA R -
WEERTELE x My #l EREE) - EHOEE LA EHERZIGFYIENLE - (R e iR B E R
HELTRENE® o Hrp DUBHBRDEEUARME R S84+ FIENSE AR % AT DUK RIS bR 255 $6
ko fEEZYIEERE T - SEEEEAE 16 m o KR4 ENY T EEEYIEN R E® -
TRES B VIENR VIR M B g5 - TLAh - #E 2 NEBRRYIE BBl - T DAER—ZIENY {4
iR EE M E o aFIHIRIM BV EIEEAM R - NEBHME - ERARE - RN
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8. ILHFAEYIFIEN (3D bioprinting) : K& BT /KBIRE B E SO HGRAHBIIRE - H3F %
FfiEl nl PR FE AL ECE AR R YRS R - B EIESRAEIBIEN (inkjet bioprinting) ~ fi
5 A (microextrusion system) ~ &S HHBIAEYISIEN (laser-assisted bioprinting, LABP) &
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b e H 28 B AT g fR Fi % (multidetector computed tomography, MDCT) K% g %
5%/ (magnetic resonance imaging, MRI) £ flir Y282 » B RS N RUFEHEFE 25 Lo ER (B R
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