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Fast Stereo Matching Based on Progressive Reliable Point Growing

Matching lor Speckle Pattern Images
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Abstract Different from the traditional region growing matching algorithm which is excessively dependent on the
growing threshold, PRPGM{Progressive Reliable Points Growing Matching) sets a sequence of thresholds from high to
low for both seed point selection and growing matching to implement the sterec matching in an iterative process, thus
enhancing the results’ robustness on the thresholds, A research has employed this method for depth estimation for
speckle projection system and achieved good results, However, it motivates us to conduct this research that the caleula-
tion is not fast enough for practical applications as well as there are still many illegal points on the disparity map, We
proposed a sparse seed point selecting method that selects seed point from grid divided by certain size on the speckle
pattern image in the stage of selecting seed point and a jumping growing matching method instead of the conventional
connectivity constraint of 4-neighbors domain during the growth of the reliable points, Both of the above revises have

been verified to improve caleulation speed greatly, Meanwhile, we applied the PRPGM to handle illegal points in post-

processing of stereo matching and eliminated most of illegal points consequently,

Keywords Stereo matching. Speckle pattern image. Region growing . Invalid point

1 8lF

EFREHNEANCSEER G« SELZHVNERS
BE=4EERG o MAERELE EEEROCHBZEEK
MfEcE E ), BTEANEMERFERNENES
MEEMXETEEMNEME HIMEESETREFER
EEMER AR EICEAKDSKERMEZER
FMEZBR-HRINETEY UREEEZEREM
RECEETHNARSAFRASIECEMBFASNETE
oo AEEAMNGREGFREMNFIESMFERFEAE
AEABRCE REERAGRETSMEREAETEIH

WMELERE NANLILAEEFEESZRET ., RHALZE
MEBRWHANTAENTERFRRER,

1. EEnﬁ_ﬁ(1un'm:11uu¢:nF:a:i:)

2. MEEEZME smoothness)

E EE—ERERE PR — TS EREE R B
KE—H MlzZStREHRFHETERFNREFSH
MRE

ETEHEKNEESZR—HRECTERE FHH
EFXEBERNEFITE A iEe F A IES EEREHR
MMFaRARBETEEERK EKEFEHERKINESEZ
AEAMERAEAENEERNTEBR K MEREK

ANZEREAMEERME (5)175034), BEERWME (451 103154) HED,
B g90—), B MIE EERAARFTEAAMZEBEZMUEMTENRRE | 50411, 200732590184@ whu, edu. en; BB E (1975 B B R
B EEWRABATENARNZEEZR EPH 1950, X AT E EZMRARATENMNENZSER

e 143



TR 0 AR T OC A K O BT B — 1B
i%

i3]

(@) HAELEER © HEERER (O EEEREE
B, ZHEIENSEENLESES

BaNAHMEEZEASHANHEERTDERITEER
B OMBETHR WA SNSERS Fl T T
MFRIEFFEFFER RN XHERERTENFEK
AENE R

Wang B 673 % HUHE R G012 T — 4R T 48 5 2 K
MEREE. BIRAESHEENBENEKEE NS
TERIFNEEER EAzFZNMTIABEREEEAS
B AFEIMTEBEHEFAENEN RN TERNE
HEERA FHFRARMER BELABOEMMT
RAAEREREEE TR TERINEGRBEGI S TH
MR HE SRR T A E R R A
EHEORN AKBETHER AN ROEHFREE
SR P54 B U0 0K T 2 A 7 A 1B 3248 4
% REBBEEHNERENEBSEN XA REEEH
TEK FERPERIEERCESRARBME—FNRT
WHEEE BR BAGLSRMEBRE RS REFIESERD
U FERE KT EAR S — R R R
SRS FNAEEARBREKNBREN X EFEZAR
FTRENELE KBT—LHIEES

o RN S K E
B4 BT 8 5 v 4B Ak 7 42 B9 PRPGM ( Progres-

sive Reliable Points Growing Matching) ik WHRETAEA
EHBIMERE
2.1 HMHRATEILERER prpgMm)

WA iR prpoM BEZEHBRELOEZENMFRIEZFNAR
RERKANTTRIENRT HFESEN TEREEFNE
16 B0 R (RO 08 AR 7 B B0 DU S A 7 A AR T
ot g

VIR e BT DR e THAME

| T T

Bl W& P46, 1 1 3 ¥
B, prpom BiEilE

2.1.1 #F &%
pRPOM HETE ERBTRBEE RERE 5 4

SEREMTE HUSCERE ERENERE TRES

EE RELNNET HOTERN  XB BT 8IS

FERAZEEXKNEREE RMNEXEPRERAEMRRE

Bl ZNCC(Zero-Based Normalized Correspondence Coefficient)
o 144 -

fEAEENE.: BERFREZESITGFABNEE=XRNE
ERXfrMIHE=NERERNTZEMEEE X—FERIE
THHUZERERAZNARERE ZEEEEREAEGS I
EASZTEBRSHNAENBAGER
2.1.2 TTHEEEK

ERKFBEUOT,

HIRERTHEIE 7 G

Wl E—TTEQHER o BAENFRFCATER
FIMNERE

oMb o PRAATRER/ETEK RETESINE p(,,,
vo ) =d, , 77 B VT 5 I 9F 5 K B AR 18 O F 8 AR A B R X R

do=1yis Mg, 1 MR £ F pastreag, =1, fldo o

fdﬁ-i-lJI'}TfM*mMEd:arg max{ f{de —1), f(do), fdT
1y IR IZABIE A HIMEAMA o BZSIFCHTRE B

T!L{J{TJM'EUH?EJE%H%ﬁﬂ'% d{'}"ﬁ‘ﬂ“ﬁ?ﬂﬁ
RIEAEER MEES oA FREKEGR
2.1.3 ##pAEKdfE

HMTERKZTERNEIE BREREFTHERM TR
ENMHENTESEKEE EREMTFINIRS 5 17
REERE o, 10, W, EENEMFIHTEK =
KEEA ]-'jmm s BRERBAINBE—ITEH AR
HITHFRERATERERK BEXRER—RITEMNS
A hF T .
2 o XIS HEMIEERTF S

PRPGM REEBITHHEKZH BAXERFETE
FATRBEE BMNENPERMFR RINEXBHRE
M prpoM BERMHTSREZEX—FMTE HMHERHE
B it e BRSIR8EETAE=RREE p AE
Rih MAHTF—BREA WwEESI g BEFHEAG TRt
HER owup), BNt ZHM ALK EREMNITE #ik
EKHRMNENARZEN ZFX L & prpo UERKSE
HMNSMUEH2EKGEN BREZ RTERFHXESHT
FHTEEALEN AEENEFTHE—THBENRGE
EmAF—ITHRENRENTFREFMENTEKEER
AUZEHREZE|TEGRAOAEEE MERERITEEANN o
(3WH),ttﬁiﬁﬁﬂ?T_‘1\§§Eﬂ

ETX—FE BMNHMAHERNSEMN REEHENR
EAREMTFR XHEETXRANERITEE LLWOEXA (4,
10 HBRMBETHEMFS HEEFR/DE o F AWE
L IMBEATRESE SR AFEMNALEREN
MEt—ERFEKHTZRANERAREREZRETE
BNEXEPLZAZITOERRNHEE EERMWER M
BHENAEHMHHEAEZESEKIEZSLERN T ER LUEPR
X—F W
2 3 BEEREEA

HnamMEEMTaRflTEEH Y prpoy T RIER
Mt TESEKNUIERERRAENZE MNZI W
FEA e EAHPEDN E prpoy X AUBL B R 89 £ €58
NiEFEE TEEAFRENEEEKREZXPXESERHD
P /\PEAER HART MR EKTE BIE
HiEA,

WE; iR MR, ARATER HBEH , WE



PRPGM PTHIMMH A Bl , 5  #; R#ETEK

PIAMF , & MR max{ F(do—1), f(ds), Fldo+1)) >

T.rm-m“ﬂff=ﬂrg max{ f(dy— 1), f(dy) .f(d¢+1):>ﬁﬂ‘ﬂﬁ?ﬁ
a.al W o B TRAEIRIC AT E SN HER Q.ﬂ'ﬂﬂiﬁé

{ER prpov — B RWEMA MBHBEN S KEY , 0

EXFSENMEEER BEE2ALLESMREEEKBITE
i
h @ |
|
T % S | s
@

H, BEAERAE

, MEHAESEREBRIELS

MEERKZERINM=A—MNFESLLVIEEZS BE
HRER—REKURFAHMFICHATENR ER=ALERN
ARKMDEESFHANRRET ZLTFHEARE RN LZIX L
REZHNMEEXSHAERREAEZEANAEMOEEZERT S
—H RREEHCETHREZHEFZEXEHR LN SRR
EXREBRBEEAESERBSREAN S22 XEQFE
EE—RACEEHERZITHE MEZEZESARGE
HME=ZESEFH ASNAE

AR T —fMEEERKTHEHRIEFZSHNERL R
BEZ NERtBFZRAENATERERKHEZRES
MflzE FEAT,

HDEERETFILYRE 7, AETEANEATEEE
T, FESEKRE p UBRERXBER

AERBERKZNELZSBTEELE BEFHI NS
EEMFIEAIEEE BREFTRYN , MTRTH y REAE
HREAMENRERES

QMR N <7, WHEEABAERFTE ; WRz;T,,
BLEERAETEAMEZ8ES , PHTERE FTMNE
A,

T2 1 EMW HEJ , BEABRTESEAMTF S
TEK EKEEA - T?ﬁﬁﬁﬁﬂhﬁﬁiﬁﬁﬁ{ﬁ Tier+! =
T — & 555

) MRERRH ;opt+ 1, JWIEN ), B8 H S
RIMEE HR

4 SRS

HINA ke HENSFTEHEN D RBERHETTE S
B HACEEXRREZE BHN 2 00GH2 Pe100 CPU M 26
RAM, BARSEN 1, —0 85, 1% =0.3, T%., =0. 55,
Tyne =1, ATy =0. 025, AT =0, 025, AT =0, 025, Ty =
500, Ty =200, T¢,, =0. 25, ATp, =0, 03, T, =3, RERFE
B 57 BANS TRk R B0 A7 FA 4G 0T AR 4R L1
= ZNCe, BRaXMA 4
4.1 ¥owMEERTFR

AT 105 10 BOHE B3 05 26 70 F 2 A0 38 B0 F i

EEEKEE FEGERTEAFBOMNT MBI E
KHMTRARTHE ME , Fm WA R
3 wﬂﬂﬂﬂ¥ﬁmﬁﬁi@.ﬁﬂi7%:’:£ﬁm1£ﬁ lztm
R SEAE BB T ST F P A B RO T A 0 4

llaJi‘ﬁ #Eﬁj"fﬂ. [!,'Iiﬁ HEE R

{r:}ﬁ!i BHFA {r.}ﬁ“ RER

© BREFA () DK @ BIRHTA  0) BUREK
B, RAEREEEWRFSN prpoM EiETERER G

BN\ sEMaEREESERBTXE NE - iF
LU ENFEMFSNEEZBREEETTEMEAET
i BERLEXFTSEZMEESER RRKRE, o TS
W o EMMETURRERITEE AWATH—SHINE
HMNEFATEXRBEOHAZTECERNT IWMERD
TEERUMARTE SHRLEE—SPHRESTITEEE
BEZAZLABMEBHITEEGAEXE AUEET R
NizHMMsEmMAEENERBERAGENMEL BI{EM
It ERRPIASEMPFTENTHEEARALTZIET B
BRAR ) AR PRINZABBFHEFEEHLFIZSHE
MAXMEERXR FEARXENNMEENTFESHFE—T
BERMNERE qw) EEFERBE2HEKGINER
THITEE EUN/LEFRSREGRMEERXE &L
Migx10 MEMASHEREBRE

£, UARRBERTALESEMGT SE

T T & 3%3  10%10  15%15  25%25
TR 55 255 162 160 159

(b) ?F[hﬂﬁiﬁfllf;]?#iE!{iﬁ}r'ﬁ.'ﬁ’-lﬁﬁ.!d?ﬁ#‘c
B: EREESERSEXAEZCRARILE
4.7 BEERIHEA

(b} A 1*115‘-{ -'ﬂrH»l.- Lu‘szﬂ"rﬂhﬁiaiﬁﬂmﬁ*ﬂ

e

(e} 4 Iu}tﬁhﬁllﬁﬁh’ﬂit‘ﬂjﬂtﬂi LTFlﬂﬁ;?*ﬁ{ ==

B, OSHEKATASKEERLERKIRES
RIE . BHAH TRESEKENRE ROBWMT
BEKEETHASHNAE R0 EREDS EXH T REK
REKFFE BEREKOSKEKVBEH B2

e 145




SRATHRFCELR NSBALSMEETRSER
EE WEFE RIOETIXRREARKRERSKS ,
HEAFLEMERER MHKD ; HEEKMBLEKR
Mk WM, EEAEY M T F AR L X R A
BN, BENEF ZREEN BMEREKES KRN
) MERRE THEEE LE

3 o M 5 45 B R i

g A B JRutiit B
= 100
=g = Y =
ﬁ 40 = =
= 2
oo
-3 1 2 3 4 5 &

5

B, Wi EKENG T E

4.3 FHAEREKERIEER

MBE gFhr MHEAEREKNAERENERTFE@E
LRdEES EENLAEMTREE EEHEITTERY
FZAERP HIEEARRNERFETELRERKNTERD
T—Eﬁﬁﬂﬂﬁiﬁﬁ(m% v

. 38 2
() ASFIE R PR PG MA) JEFE 44 I8

(b) AL B A B e P
Bg R pprpom MEXEEREERTLEE

Fo TREEZEESRENRR  THRAMNMWEER , IR,

EER M o
7% 1 2 3 4
PRPGM 14. 96 2. 30 14. 24 14. 80
EW ik 7. 23 0. 10 7. 21 7. 51

HEE HA REFE RNMAMTAERMTESE
KA FERET prpoy HiE RIEBMBRTHERE &
BTEMEE BER HFHEFEEHEBEHLL
SR AEARERMFES HFEERERERMNEK
EAAMESEETF— M HRMNNXBERNES NEH
BRI AR ik S M S SRR BT RS EKEE
9

Bk R BRI T — A R

EEALEEE B prpoy HFEPIEERIERET —F
B ENHARRETHHEANLIFCEFRN BR

M RITENMAREXTFIGCENEBit LatTthRiZERT

AREEGHCE XLERNT—FOIREAR

5 & X Wk

[1] Javier G. Three-dimensional mapping and range measurement by
means of projected speckle patterns [ ] ]. Applied Optics, 2008,
47(16) ; 3032-3040

[2] Freedman B,Shpunt A,Machline M,et al, Depth mapping using
projected patterns.US,20100118123 [[P]. 2010-05-13

(3] THWK  BES Fx, IHRGE FARHBAREN=Z45R%

B FE 200780016625[P]. 2009-07-29
(4] ALK, BES FX.LADXHGE ZHEENRELL

45, BB | 200780009053[ P, 2009-08-05
5] Bk.ABENE WHWA . WEN BER . MAL %
ATHRERNLTENRRE FE 200680038004[P]. 200810

15

[6] Wang G ],Yin X W,Pei X K,et al. Depth estimation for speckle
projection system using progressive reliable points growing
matching [J]. Applied Optics,2013,52(3) ;516-524

[7] Scharstein D, Szeliski R. A taxonomy and evaluation of dense
two-frame stereo correspondence algorithms [ ] |, International
Journal of Computer Vision,2002,47(3), 742

[8] El-Hakim S F,Beraldin | A.Blais F. A comparative evaluation
of the performance of passive and active 3-d vision system [ C] //
Proc. SPIE. Canada, NRC 39160, 1995,14-25

[9] Szeliski R. Computer Vision: Alogorithmsand Applications | M.
New York:Springer.2010

[10] Zhang L. Automatic Digital Surface Model ( DSM) Generation
from Linear Array Images [ D]. Switzerland; Swiss Federal In-
stitute of Technology Zurich, 2005

[11] Marr D, Poggio T. A computational theory of human stereo vi-
sion [ C]/ Proc of the Royal Society of London. London, Royal
Society,1979.301-328

(127 FEEZ BNEABENEIGKMNERGE P ETXBEABMR
(D). ﬁﬁlﬁ?ﬁﬁﬁm‘ii AF 2011

[13] Hirschmiiller H, Scharstein D. Evaluation of stereo matching
costs on inrages with radiometric differences [ ]]. IEEE Tran-
sactions on Pattern Analysis and Machine Intelligence, 2008, 31
(9):1582-1599

[14] FEE mEME —ﬂi:ﬂmﬁﬁiﬁﬂﬂﬁﬁﬁﬂmL”_ by 7
BRFEFE® 2001,25(2).22-24

(LH% 124 )
o] FRE BT qpr HENEBRRENTR ) ¥ LR

TASHNBTEER 200

(3] HEH MERETFRERLEOERLERLES K ) K
b EBMNEALEERESERER 50

4] VR HT BEENESCERHSN gpr BERESE
(1] BFEIHTIE 2013,21018),:139-141

[5] FHE HOXE ERNBAMRE BHFIBRAM pecasirr EiF
(1. IERFFHR BABFM 2013,12(5) .601-606

[ 6] Lowe D G. Object recognition from local scale-invariant features
| C] // International Conference on Computer Vision, Corfu,

Greecel September 19993, 1999,1150-1157
« 146 =

[7] Lowe D G. Distinctive image features from scale invariant key
points| ] |. International Journal of Computer Vision, 2004, 60
(2):91-110

(8] FEHE g7 ﬁﬁﬁﬁﬁﬁmﬁ[nl ﬁﬁﬂtﬁﬁixéﬁﬁﬂl#
B, 2007

[9] Ke Y.Sukthankar R. Peasift: a more distinctive representation
for local image descriptors| C |/ Computer Vision and Pattern
Recognition, 2004

[10] Ledwich L, Williams S. Reduced SIFT Features for lmage Re-
trieval and Indoo Loecalization[ C | // Australian Conference on
Robotics and Automation. Canberra, Australia, 2004

[11] Ml MEH KF F ETERSEERTESHNRBEREFRS
mﬁLDL J:ﬁi LEEEE?C%EHJE ${iﬁﬂfﬁﬁﬁ'gm?



