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A depth estimation device includes a stereo image capture unit, an active depth sensor and a processor.
The stereo image capture unit provides a first view image and a second view image. The active depth sensor
provides depth data. The processor performs depth estimation process including steps of: performing space
transform on the depth data to generate transformed depth data; performing feature search algorithm to
determine a plurality of feature pairs, each feature pair including two feature points respectively located on
the first and second view images and corresponding to the same object; performing interpolation on the
transformed depth data and the feature points to determine a search range for pixel shift; and searching the
search range for pixel shift values that the first view image matches the second view image to generate a
disparity image.

HANRKE -



1571099

TW 1571099 B

AR B
202 ~ 204 ~ 206 ~

208 ~ 210 ~

AR E TR — ]

G AR R 202
v
FE R RS TR IR EE R 904

!
R R T 2 R
DAZEAE B R A 206
{
HE— AP RIS TR G N
R B - LUATE SR B 208

{

T LR s » S R TR 2R3
FTPHEMEE - LISt — 1 A s 010
SRR E— G R R

{

FEZGREMBIESHEN - 55
— ARG R ARG UL n-212
HgEI%E  DEEEEZR

%) [E




1571099

ZHHERRASZ

(K ERX - BiF  FHOEEEY)

(8818 ] (U330
R FE (i S 2 B K 77 3% /DEVICE AND METHOD FOR DEPTH

ESTIMATION
iR ]
(0001] Z 8% 2% W
@  [seauk)
[0002) 37 4 3 + 48 F fs 4% 1 0 FE 0% 0 FE P » 3 40 56 P
B SIS AR (8 S - B T R 15 5 EE 555 0 4 T A BE B (O
Fr) o {845 b G B M 1T B8 2 B RN DU R R AR - 24
T o 6 A7 R 49 5 B 0 R 5 (00 B0 B o O T 6 - T 5 17 9
WA L E R EEEALIETES -
[0003) [t - 40 o] 42 Bt — T B4 M A6 T R 0% AR 4R
@ iEIE i NBCRN E IR AS RS R B A - Ty B AR R

R—iEFRESMNRENTTA -

BRRA L
[ZHAE]

[0004)] AHHZHBEN —EEREGHEE KT E - 5[HH
B A (G R R AR AR T R AR 3 A B 6O T ROM 25
e BERA -

[0005)] MREAEHZ —HTH RE—EBRELHEE  HG
B U GEET THRAEEECHNSURERESS - IEE



1571099

GHINETRMAE-—RAZGURBE -HATY G - THEREE
MR REER - EHESITEE BN - 285 RN E A
EHAREERNETEFERUESEREBEERR  HE K
HGREE_SAEGRTREBESER  DUAESHSFHH
ERBEBES I ES - HAZGHRE_GATY R LHERE

— Y Z WL FIR R RS BRI R E O T N
B UHBE -GAZGUE R rAEGRUBESZE

& UKERZABESHEN  BEFE-HAZREE-HWA
v CRENGRUBE  UELEREZR -

[0006] fRIFAIEHE—THm @ e —BEREMLMNGZE  HE
BUTHE  BUREEGHENETIHNSE - HAZGUARE /R
A BEXBAFRERNSMEREER  HEEERETZE
FEBULELABREREEN  HE - GAZGAS _HAZR

BITHBESER > UAEZEREE  SHEHESESHES
—HRAZGEE_SAZG EHERE -2 Z WA EE - A A
e SEBRRAEENRTARBRESR  DHHEE -HAZE

HE_HAYBRAE GRUBESHE UAEGRUBEES
wWEN BEEF-HAPGRESE _HAZGERHNGRLE
B HUEEHREZR -

[0007] ETHAEEZ Ll kK HMTEA FEOERE T
NRBEEEHS > WE S AT E - EEFHRBEDT -
[EESRAE]

N



1571099

[0008]
FIEETRELASEL -ERMIZREMSLMEKEZBIES
PR -

F2EERNREABE L B 2 FEGN G AZRE

FEIBEETRKEABBEL —BRAZE-SAZGHEZMN
BRI AEE -
FIBETNREFEEZMHHEERE-FTRLNERNLE

® BETRY—MERHF TGRS REZ RER -
B EETIRKEABEY N RECRESHE S T
=@ -
55 6A [ R 25 6B B 4 ik 1% A58 T K B 9 6 1 = TL A8 B 1 44
HE T E RS REE -
[EHE52]
[0009] FEZASC ek » 2 08 A T 1B =4 47 40 e o8 i A 48 g —
@ Uif EFREFAERMSERTEERT - BEL B

BUHEASZEAENER  BXFARRAEXFHIERE - HEH
By RigEiRtEEF RO ke ERAAEZEX - Bz HEE
MY &5 15 9% A 2R R on [/ Sl Ll T i -
[0010] F2EFE IBRE2HE - % | BERKEAREEL
—EBplz REMLAEE 100 ZEHET50RE - % 2 BERKEX
BRZ—BROIZEEMSLMUGEZREER - FEMLMEE 100 £
ERFEURLZEHEIET 102 TEHCRE RS 104 DL H



1571099

95106 o T7 A5 % (R BB TT 102 {40 2 B 4 £ 5 6 T B8 A
(stereo camera) » 3 Bf 2 % FEE [ 28 104 401 2 ¢ (Lidar) ~ &
S TE] i 8 E B 0T DT B R R A RH 58
[0011] FE5EE 202 TIAB SR I TT 102 248 — WA
2B FIURE-_HAgBRR2-S—GALGB FI UEE_HAX
B R GHIREREGA THE —SBRENNESE - 0% 1 &
iR B GEERETT 102 0ES — e sE 1022 MRS
BRI SEE 1024 HHALEBAERANE - RAREFIUE @
EoEmEE - S ARG FI UREHARE P2 AEH
%1% 1 IF (image rectification)Z &% « £ —HHi Gl - & —
BEEE 1022 DL “ MR SETE 1024 {58 E— K P ML HIRE - It
HE—HAEEFI URE-NARG P2 HEER —HE HRSE
B8 AKBBUFBRNIL  E— TG b - 7088 1% s
102 A AESERGSEEGIOOEREN FOmREsE) - L
SRR AR AN EY G - ®
[0012) 7£25 8% 204 » T B0 R 88 104 SR R P Y
o BRIACER BT A SS 104 BT 85 5 4 9 S5 A 4k 98 2
1) iy [B] 35 26 fe ) B30 4 46 0 P O EE Bl O T 26 A AL FE B0 SR FE R
DD -
[0013] fE—FEHEHIh > EHEB 106 A RESE—  —HAY
G FIF2UREELSH DD YT EERAEE T E4BEEE -
i i 2% FEE I TE8 451 40 25 B 206~212 TS o

)



1571099

(0014] FE5 R 206 > {5 %% £ & R DD #E 17 25 [ # {2 (space
transform) LU B8 4 85 4 16 R FE R - BBIR R R BB 01 — R A
Bp FI U W ARG P2 A — e 2SR A G — A
2B o B DA R FE RORE DD BT 3 I A 5 4 S0 iR T B — 1R A
i P NE ARG P2 HEOEES
(0015) 7E4EE 208 (sME—HAKGF HE_RAKE
RYTEMESEE  AESEEME - Ho  SBUEaE
@ srrr-HAYEF AE-HARE 2 EHERE—DE
T S o IS BB B0 B E R R S BB IR (Scale
Invariant Feature Transform, STFT),}jl i &% [ %5 % (Speeded Up
Robust Features, SUFT)Z, FAST 45 i B R 5@ B £ -
(0016 FESEE 210 » (Rl I3 45 85 » SUNIRIAEE B
BTREES DS HaREF BE - RARE F2 L
—GEABEBEE -
® [0017] | it 2 Py § 5% B1 40 52 4 26 79 45 (Nearest Neighbor
Interpolation) ~ %21 P #E (Linear Interpolation) * = 2t 4 1 (Cubic
Interpolation) * %% T8 =, 9 45 (Polynomial Interpolation)s} H T {£ &
V8 4% i B k£ (Edge-Aware Data Interpolation) » {8 2 &% 38 J& )iy 23
(bilateral filter)St, 8 3% & it 25 H} #5 (bilateral grid)E &% -
[0018] —ggzkst ETHREEEBMBE 040X E)GEBE
B % 6 I R T HR IS R DL R SR S M B GO PR B - A TR
i 5 . 0 5 ) 06 5 90 90 P — 45



1571099

K WD FEANEERUEEATESRNFEEM - K
BEERG 2 RIS 106 M ERNBEP I B HEHMENENER
RENEHHERBREERETRNE SR ENHEEERE
FCET 3R 22 T B R 3 E B S0 FE BRI S 104 3R 1 AR AT FE Y B2 3K

[0019] fELBR 212 GEZGRUBESHERN > EFE
—HAYGFIAS _RAZG P2 CRESNGEUEE  UES
REZG 1 BREESS 106 AFETEE 210 PRRETNGE
BEESEENESE -SAZGFIEE _HAaEH F2 2N G
ZUBE WHUFNEREKELAHEEZRINEES

[0020] ZFF&E > EMlE S B PITIEFLAUE 2B H
SR RR - BEIZRER > DB 202 - 204 ZBITIEF T LRI 2 B
o JRE][E 2 AT - DB 206 - 208 th 2 —£E -

[0021] 25 3 B4 RIKIEAIBREY —EHel2E -—HAEHE
FI BB ZHAEE F2 Z0R - EE 3EMNHIT P HEYE
OBEARMGATETHEIT I ESSE —E ARG FIHE R

TRF2-HNB-—HNAZGFIHBE - HHEG F2 HEENST
BAE WWEGETHEHEYE OB EGELRE » it
eBEZzNE - —RKR > EVR OBIEHME  WMyalngs
I/ KZ EYH OBIERMT > MEBRENEGEME
BHOK -

[0022] HWHMAYR OBHEE —HALEGFI D aHEDMH
OBl R _HRATHE F2 P HHEYH OB2- BB HIESE



1571099

(40 SIFT 8% SUFT) » G4t OB K% I P1~P3 LA R W #
OB2 (9 B s P1I'~P3’ » H b - #[EYHS OB F— % Al IR 154
26 P1 R PIE R A — A M4 HIEWES OB Bl — B A2 M9 15 &4
6 P2 F P2 IR B — 5 M4 HIEYAS OB [l — 55 A3 K9 W5
6 P3 K P3U BT A — A o AR T AE /A Y B T (0 —
ARENERX)  SMEEHE  FBE (robus) LS - BUERE
BB FT TR ERT S S EESR - WE 2 BF RSB
@ 0 THABAEBERREEINEER  LREHEIHRERE

BROHI 23 104 §7 AR AT FE GO TSR+ 3 0 PR AR BT SRR B AL A

[0023) 42— TGl ch - PR 58 106 F7 B 1T O 2% FEF M0 o 22
TR A S MAY WS HSESE e —ERERR
AT — R L R o ok Bl 2 K % o ML B0 5 A

[0024] ERpIziR  BFE—HAPEGFI HE-HARSE R
CBPERER  GHUHELRERAEEALREAESE K

@ iy tEREEREOEEEEER—KT(EE— @)L

IE S REM G A E AN ERERSENEEaET
BIERBAKFEHE  EEAEOEHERFEBA - [FIFER
TBRAEESEERERBANEHRE B2 RN RED
NEEES  TE—SREEETEEROBEY -

[0025) % 4 @A~ BRALRBHRE— “HAREFL
F2H9%— “HE(SS50E 1022 1024 2 @O BB H A B x WA E -
E-HMAZ MRS PLPESE y i A ERERA



1571099

PA—REE TH - Al LR B K Efbx - sl B PR N R EH AN
EERED  UIB R AERNSEEETSE -

[0026] % sEl@RKEABEZ —EHAIZGEEULEESE
FiE SSR Z REE - EABEE MG > FEE LS 106 5/ H £
RIS BUHIES 104 BT HR AL A% & & K DD 1T 22 [ 8 4 (space
transform) » WK EE — -~ ZHAEE F1 ~ F2 S REE
HERENFEENGIOEEZEMBTRNBEERDNEELESER
ZU¥2EHE  BUHEGERUBE2FZELELE  BUKRRUYE
WS EE -

[0027] #0% 5 @ A= &ML IEERE XoHIE R P PR FEHY &
ZMBSEER SR T{EHIEHEGE PHRIAUES —HRAZE
g & — y #l b HY EE AR Xo+SR AT - B 40 i 7E B AR (Xo+SR)-X, E B
E(Xo+SR)+ X, By E A A » BEAE (Xo+SR)- X Bl BEAE (Xo+SR)+ X, 1Y
EETESEHEEMEESHE SSR - HLEF - EHEE 106 LF &
HexrMBESHE SSRETHFMNJHEGREPHAEANERR
PPEINERGEMLYE  MAHZ—tEHM AN AEHE > &F]
BREEEEGANNERRE - ET—FROIP  ERBEAIERE
FEENEEEZSLEKR  TEERA X B X, 0{E  DHE
BREMHESHE SSROEHE - A2 - ORI N 12 A B
BEEERNEFEHERZLEE  RABRGRUBESHE SSRH
KN e

[0028) %5 6A [ K %5 6B Bl 4 RIRIEA IG5 B B M6l 2 1z



1571099

4 B BT 102 BT SRR RN 104 2 IR B - 45 58 6A
BB T b o TG I T 102 2 5% — TR SITE 1022 -
1024 695 00 % AX {450 B2 B EUHISE 104 2 R H 48 SL 5
4988 4T /BB E AT -

(00291 755 — S MGl ch - 405 6B BRI « 17 88 W & N
BT 102 25— “HE{GE0E 1022 1024 fY .0 #E 4R AX {‘?‘Eﬁii
B M 28 104 2 R4 SL 7 94T (B - ST/

@ wwimE) BRNE— - CHEHEE 1022, 1024 FIIREENE — -
AR Pl F2 (B EREL S AX F5 B (B0 K T T )
2 (075 5 B R R T B S
104 217 52— 57 1 (Bl 40 6 1 5 0 R 2 B

(00301 %% b Frilt + 748 B FF 4% 6 = JE 1% (5 0 S B B J5 o T
S (5195 B L o R BB B R R S
R R T EEE  FETHENBEENRE T

@ I BREERNBREEAEOEE -

(00317 8 2% 418 06 B LA (E MG B IB B 40 | + 28 530 96
BUIR KB T - 718 0 P Bl S P B B AR - R
B AT R AR - E TS A - B &
150 = 1 S R W o 3 R R R R -
CLe)

[0032]

100 : R (R E



1571099

102 : RGBT E IT
1022 © 5 —HBHEHE
1024 © 5 —{R{EHEE
104 : T g0 E U &5
106 © 5 HE 28

Fl: E—HiAags

F2: 8 -HALH
DD : FEER

1 ]REZE

202 ~ 204 ~ 206 ~ 208 ~ 210 ~ 212 : HE%
OB : Y}

OB1 - OB2 : ¥

P1~P3 ~ P1’~P3” : % Bk

Al~A3 : B
TH : f{E
P-P: &%

Xo * (Xo+SR)- X; * Xo+SR » (Xo+SR)+ X, : EEfZ
SSR : g EZ UM FHE

AX T B AR

SL : fF 4R

Xy~ oz A



1571099

3% BH 17 22

e 104138474 :
X EHEEZEHE TR /%, (2006.01)
 BEEH 104 11.2 6 XIPC 7398 - 64T 7/99 (2006.01)

[S8HR%8] (F30E30)

EEGHEEE K £ /DEVICE AND METHOD FOR DEPTH

ESTIMATION
®
(3]

—HEFEELHEE  BF  UBZGEWNET - THEE
E&iﬁﬂ%’%&&aﬁﬁ@%’%c’ﬂ CBENETRES - GEAEZRURE
“HAER  ZHARERASBREREEN - BEBATEE
EHEHE > FERANEZESE  BREERETEMERMUES
BRRFAEER  HE-SAZGUAE " HAZGRTREES

® HE > AEZERBEE  SFHEEEESICEE -—HARGH

BLRAEGLEHERE —YH 2 WS EE 0 F AR &R ml
BEFEERFITABRER  UHHEE—RAZGHE_HAY
BAEGRUBESEE  UAKEGZEUBESHEN  #5E

—HRAZGUEE_RAZGERNENEGERUBE  DESAHEY
& -
(3]

A depth estimation device includes a stereo image capture unit,
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én active dep:t;l sensor and a processor. The stereo image capture
unit.‘provid"esﬂ a first view image and a second view image. The
active depth sensor provides depth data. The processor performs
depth estimation process including steps of: performing space
transform on the depth data to generate transformed depth data;
performing feature search algorithm to determine a plurality of
feature pairs, each feature pair including two feature points
respectively located on the first and second view images and
corresponding to the same object; performing interpolation on the
transformed depth data and the feature points to determine a search
range for pixel shift; and searching the search range for pixel shift
values that the first view image matches the second view image to

generate a disparity image.
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én active dep:t;l sensor and a processor. The stereo image capture
unit.‘provid"esﬂ a first view image and a second view image. The
active depth sensor provides depth data. The processor performs
depth estimation process including steps of: performing space
transform on the depth data to generate transformed depth data;
performing feature search algorithm to determine a plurality of
feature pairs, each feature pair including two feature points
respectively located on the first and second view images and
corresponding to the same object; performing interpolation on the
transformed depth data and the feature points to determine a search
range for pixel shift; and searching the search range for pixel shift
values that the first view image matches the second view image to

generate a disparity image.
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