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Image pre- Object of Image
processing and interest matehin Decision
feature detection recognition g
t ' ! |
* Noise removal « Segmentation « Pattern recognition  « Classifier
+ Edge extraction * Filtering * Dimension + Floating-point
* Pixel-wise * Image detection, measurement operation
operation for transformation, » Parameter » Matrix conversion
enhancement feature extraction estimation « Machine learning
— Contrast » Color analysis * Image registration
— Brightness * Motion analysis
* Thresholding — 3-D egomotion
— Tracking
— Optical flow
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2 — Short boy

1 - Tall person

Camera is moving towards
the pedestrians

B 5. —NEMEIEBECETR T 3 TMIA M FEEREIFIT
REGFHIBIER. F3 TAFE 2 TABIGEATEHER, 18
EBE2 TE3 IMNEELER. [4]

M E LI LA RBIFE. MR UAIE X T RIS
#, XESHORET 3D TRPHLEREBEEH (T
FRIRENESS) BYRGHUBIRBIM N IES MR RENS IS ERY
fi&, SFM AR —1NERNEE,

July 2020



Extract salient features
(corners, edges, end
points)

Image1@T

NN

Image2 @ T+ 30 mS

Image rectification

Camera calibration

Sparse optical flow
computation at the |:>
feature points

Compute 3-D distance
of OF and epipolar
constraints derived
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Q P=(X)Y, 2) Stereo geometry equations
B X=F*XZ ....... (1)
Y x, = £ (T-X)IZ ...(2)
EE (1) = (2) = Z = T/(x~x), if d = xx,
1 \
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Distance (meters) vs. Disparity (pixels)
Full pixel accuracy

Distance (meters) vs, Disparity (pixels)
Half pixel accuracy
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Distance (meters) vs. Disparity (pixels)
Quarter pixel accuracy
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X—4E, EIEER, MRMEHBREAN—NMER
(FHELD) , HEHNEEIREANONRE =K,
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Image left Image rank
Image rectification
(To enable
:= ’ :> horizontal epipolar
searches)
Image right Image rank

. . Compute
Calculate disparity and Post

: distance
confidence levels for |:> brocess I:> for every
every pixel (dense) pixel

B 9. BF U AZERIEE i BRI BRI R 2 e

T T EEGHNREREIED, LR X R ER20m
METENAIENE, AISEMRASEENREICHT
7% (8l B 9 RHEIGRIES BHAR T BEBAKTMIRIER
ZHITREMENE. ZIREZNEEPBEMNENSEFRIT
B, HEMNEGEUNGEAE, REF—EHLARLEM
BRHEMRE, EEEMETEETEETEHFRHT (9

LR EF AR FFT i ERERNRRNLS, B8
E FFT RS REME AR, FIEA LHRIERAE, &
XEFZRNHTXAERNITIE, ATUEEMIN, XS
(BMERZR 2L eI ANERE ZRETHP M
B, EREANEAEL, OHER, WFALM (Fik
B HNEGFNESNMEE, RMNTBEEEFTEABEN—)
B &,

BETR, BRINFEEAM (TG HEGFEENR
KF) EHER, BEERIE—REENME,. ITFRE
AIHERVIEE (M 1 EIRK{E, Bl 64 5% 128 HEEAH
& , WMITIHITE,

IATREE - I04E ADAS A REIPRE T R TAEX B

EMFAEMGRRZENES (FEXRT Bk
B (RKE , HEBLETGRMENIINME. RITH
“BHEO” GERICBMLESERTEGRREEE
T%D, ZERBATIHEXMIEGREE 3D TiEHH
BEES, LLISTZUNE 10 Fimm. ESEHE (8] iRt 7 IXH
— i, EREBETERRTIRNNETE, AR
Fee33ZE 2 F (SAD) BB 4s R ER BB/ VKo

Shift block and compare in the right image for best match
Best match = disparity for pixel

o ! 8 ‘ ‘
Repeat calculation for every pixel in left image

For every possible value of disparity in right image

E10. HFLTEREGEREEE % BEF SAD ,
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XMATFEZIMMENET SAD WA XIEFIGY, ERNEE
HFER, XMGENELRGIRE WTFATNEGERSE,
MERBEN, EBEVENLSLFEFMIL. WRE
REEE 2 HIRHXERER XML B FRHEE
B, CRERRERR, FE2ESGRZENMESEHRT
Bl X—RHIRIEE, BA “@YMRLNIEHET L
£ I BREIIZAFK. —NMIMERIIIERTEE
KEMEFBFRL R ERIZIZ WL, Tt TR S HRE
METRER & 21 k. Middlebury $t#EEE [10] Ay “E
BHE BEEIRETX—FL, £F— 1 EHE B
MARINRED ERFVESGEREAERINMED
, MYPELRBEEERANMEESR. FET SAD BfE
BEEESHTIE—KER, XSERMEEY LS TR
BMEFLRE, FIEMIE—MRGENAYEID R R I AR
fto

AT RIEWERIZITHE R RXMEEIR, [12] PiRH T —
MISYLEY T 5.

Left

XM ERITA ‘PRI . EXMAERRH
Z40AE (4. 8T 16 ) EMENMERITEFEBEME
. THWE 11 BRTZBEERHBNITESR. HE
HNRHMNEMEEEZS N HF R LA RE Sp,d), 7
HFREEITFBIER, SGM MRIBIESHRE T R4
REHY 16 NAME, BHEIAT 20 4 M 8 MAREATIKE
TR AR,

it N

L(p.d)= C(p.cl) + min LAP~rd=1+P1 - min, L (p-rk) )

-
L(p-rd +1)+P1 =
min, L (p=r,i)+P2 /7 ﬁx\

S(pd) =7 Li(p.d)

r=1te16

L {p.d) = cost for pixel pat disparity d

C {p.d} = Matching cost function

P1 = Penalty cost for a local disparity change of 1

P2 = Penalty cost for a disparity change > 1

S(p.d) =Smeothness cost function after adding L,(p.d) in all 16 directions Tor disparity d

E]11. SGM 1L 12K R E 5 7 2to

T—DIME 13 2R T SGM pAREAN AL E AR R IASE
MAN. ERLLNABEE, FIRMITEATE. HEUK

Right - Disparity map o

B 12. FE Middlebury ZHEEHIEHEFE L. RFEER SAD ZHATTHZEITR, HETZHIIRE LIRIFEMER, MEYELFL
EIZIZ W, EEEL LBEREIIEFL LRI FRE MRS T ESE LGS ER

ILRILGE - I0EE ADAS R AHSREVBEEF R B XIS
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RABHERMER, MM<FET SGM RISERTIT
L

Initialize C, disparity, S and L, for every pixel
LOOP 1: For every pixel p
LOOF 2. For every disparity d (1..k)
Calculate C(p.d,) = SAD or Mutual Information (Ml) based
LOOFP 3: For every direction r (1..16)
Calculate L(p.d)

ENDLOOP 3

Calculate S(p.d) using equation in figure 12
if S(p.dy) < S,(p.d,) = disparity = d,, else disparity = d;
END LOOP 2

& 13. HFELH SGM FIth1tE5

MEHRITEERNAEFEER
RIZEERBIERISE], ADAS NAFMXFHITEIERE EHREE
B BRNEIEILABRENIZEE—HLL 30 /FREIE
1TH9 100 FEEEGN. NETBEIENFLT T REI#K
T, HAAHTHEZE Census LIRS EIE AR,
FRERm AR ILAER, miadtlE#H T Census &
RENEGM, XMFEGERAER NxN GERH#IT Census
TP ERITEZNTT 6000 /5% NxN Census T, 3t
NxN RER E—MERHITHED Census TIREPFE
53 N2 REEBUEE, Pt MNEM—SEHTREENSE

8 7 3 110

5 6

8 7 3

CORM TN >T = 11011001 Bl 4 8

MEEHIT N2 SHF, FTLUAREHEN, AT ESFEEIE
FRE _EBISEPR R A HFIHITARE L ENF T, FJeENR
REREBEFELZT 6000 7 x N2 XELIHEHE,

ZEENEZSFEHTEGRE, UHREEEKTL

FRITHIRMEELR, E=LENEB, AAEITREE

MEEMMELEH C(p,d). Lr(p,d) ¥ S(p,d) it&E (3F5
HE 13) o SNR C(p,d) BZFHHITH SAD IZH, A/
79 NxN, FREMARSSEEALN 200 K, HEHWEER
PENERESHTHERNETE, BARARTEHX

64-128 MIERTREMHITITE C(p,d)o FHIERXLESE
8 C(p,d) NRITEMNERZSHH1T 6000 /7 x N2 x 128
X SAD i&H,

Lr (p,d) NITBEERE v NeIsENAELHEEMEER
#17, B, ZmMetE GESREE 13) FE#H1T 6000
73 x128 xr e —MERENITERBEMAXINE (AR
BRESER—MISHRERMNE) FM—rik/IMEEKIE
B, MWGCEEER, S Lr (p,d) iHEEE##1T 6000 5
x 128 x r x 5 RINEIEE LUK 6000 7 x 128 x r RAR/IME
H.

5
o B> T=54,02130,13
0

346 001 346

Pixel rank

Pixel values

B 14. EBREIEZTHT A EREENE S EE LR Census T, GFERHEHS TE2BHTH [7]o

Pixel values Census
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HFENIENBRENNEE, S(p,d) WItEEEHTr
R, S(p,d) WEXRITBEEERR “r RINEF—RkEL
K. SMETITEFAENRSIEERE 6000 /7 x 128 x
r RANEF 6000 J5 x 128 RELER,

Fre=TuL2kER, —MEMmINET SGM I EITHES]
%7£ 100 A5 30fps MIRGH LiE1THIXEITE 128 #4
MECTREME, SMWFEERITAY 1 FIZREE (A,
BEs MERID o AT BIFHIRFEX—EF, BRAR
TENERERALIERESNEARAL 7 2 10 &S, H
h—Li5 < E SIMD AU, BN, TfIsEBHITLIE 8-16
B, TEIBEALESRNIIRHEEHERN IPC, L
2GHz BTTHIPOZ A IR SRS R (29 3200 1Z2/RHY 64 (i
B, BMERITARNKSHIAULAEERZE 16 (UNHBRE
IELL 100% BIERITEE 64 AL #HGIXHH, MiZE
RS NA R LB BRI ADAS LA RFAHIE XK,
BALGIESRN BN IRESMER AR, XAt
SCAS ADAS AR5 R SR B E AR E AREY

R TENE

ADAS Mt R ETE S R ERIBEENHE D ROTRERR
EMNTEY, SEEBT 120 FARTRESEH, X2
15-29 $ ABTHEERR, 1TARRMEITHIERFER
&, SFEEET 25 AITARYE, ERRKBERAENE
ERAERERREARZHES MEIKIR, Fit, BFE
SHIzhHY ADAS IRt RS R BEEFARRESHHN™ER
EBREENE, XB—IMNEEK, BAMKRARS
MESMIAE—H RS EEERGHEES, m
BEMRREEER/IRIRIE . AT HR ADAS R4EE
EHMA MR, FEEBETAME. R
EAERENARTFRAAMBIERN 1SO 26262 EFRiT .

AT TR, UET BRI RSEITRIER
FENETHRE. BESHE 15, NREE (f) EGLE
BBRVIRERR (M 7 1%, BUETERZENEEN 5%,
NI EHAEEE (2) BNREMAAN 2.5%, Hlt, KAE
HEFEZNRERSITER (MOoZ—RFEH) KF
FEEE. XBAMITEN. F—NEEMNTBAMES
WELREEETEER, E1MEREANER, 51S0
26262 BXo

SLRARGE - IM3E ADAS N A SREVPR A R AR XAE

12

Z=fT/d
If f, T & calculated d have a standard deviation of s;, st & s
respectively, then

2 2\1/2

sz=((so) + (1) + (89

B 15. TR T B A E i iR E 141118 [13]o

MG R ERFRTER AN BT EERR (FTTI) RN
EIFAFICH B F PR IR A IR, FTTIAIE
BRI EBE 7 AXHITITEE, BRE %R
RTFHERENEFTHEREGEIEI ADAS 5L RS
FrEEHY ASIL £33,

RGHE(HETH S S

EAXS, BT ETESE ADAS RELIFITHR
SRR M ERRBRAE R USRI AMREEENE
MEERETER . fEMNYES (TI) Bk LIETEHED
ADAS ZMEFURBVREEIH, LHEESM. FISFERIILE
R SE LTS

HZRENBFRAIEHEBEENRE LTI ADAS L2 RS
HRFIGITHEEE BT EMNNES (TI) BT 248
(TDA R%D EEHELIFENAEMRE. ThE. RS
ASIL IhgER 2 A ENBEF. WHEEEER TI TDA2x
TDA3x 23FHIITAFIE Mt ADAS R AT RERFAER UK
ZEARRER, 151 www.ti.com/ADAS,

SE R

1. Cave paintings: http://en.wikipedia.org/wiki/
Cave_painting#Southeast_Asia

2. D. Scharstein, H. Hirschmdliller, Y. Kitajima, G.
Krathwohl, N. Nesic, X. Wang, and P. Westling.

“High-resolution stereo datasets with subpixel-

accurate ground truth” .In German Conference on
Pattern Recognition (GCPR 2014), Minster,
Germany, September 2014

3. Figure credit: “Vision-based Object Detection and
Tracking” , Hyunggic!, http://users.ece.cmu. edu/
~hyunggic/vision_detection_tracking. html

4. Image credit: pixabay.com

5. 3D Structure from 2D Motion, http://www.
cs.columbia.edu/~jebara/papers/sfm.pdf
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6.

10.
11.

12.

13.

14.

Chapter 7 “Stereopsis” of the textbook of E.
Trucco and A. Verri, Introductory Techniques for 3-D
Computer Vision, Prentice Hall, NJ, 1998 and lecture
notes from https://www.cs.auckland. ac.nz/
courses/compsci773s1t/lectures/ 773-GG/
topCS773.htm

“The Complete Rank Transform: A Tool for Accurate
and Morphologically Invariant Matching of
Structures” , Mathematical Image Analysis Group,
Saarland University, http://www.mia. uni-
saarland.de/Publications/demetzbmvc13.pdf

“A Novel Stereo Matching Method based on Rank
Transformation” , Wenming Zhang , Kai Hao*, Qiang
Zhang, Haibin Li Reference: http:// ijcsi.org/papers/
IJCSI-10-2-1-39-44.pdf

“FFT-based stereo disparity estimation for stereo
image coding” , Ahlvers, Zoelzer and Rechmeier

“Semi-Global Matching”

“More than 270,000 pedestrians killed on roads
each year” , http://www.who.int/ mediacentre/
news/notes/2013/ make_walking_
safe_20130502/en/

“Accurate and Efficient Stereo Processing by Semi-
Global Matching and Mutual Information” , https://
ieeexplore.ieee.org/ document/1467526

“Propagation of Error” , http://chemwiki.
ucdavis.edu/Analytical_Chemistry/
Quantifying_Nature/Significant_Digits/

Optical flow reference: “Structure from Motion and
3D reconstruction on the easy in OpenCV 2.3+ [w/
code]” http://www. morethantechnical.com/
2012/02/07/ structure-from-motion-
and-3dreconstruction-on-the-easy-in-

opencv-2-3- w-code/

15.

16.
17.

Mutual information reference: “Mutual Information
as a Stereo Correspondence Measure” , http://
repository.upenn.edu/cgi/ viewcontent.cgi?
article=1115&context=cis_ reports

Image entropy analysis using Matlab®

Image credit:  “Engines idling in New York despite
law” , CNN News, http://www.cnn.com/

2012/02/06/health/engines-new-york-law/
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