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RACWBERARTHS. LU, Fv7F vz e i ciErd
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SIMD 431z & B A FIMER A BERE L 72 W2 5 TH 5.
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THAHRIZHE U 72 o mBRERIE 2 IR T 5. £z, Thzflio TRIREHE
Hiz WS b %2175 T & T, ERDOHREHIT X 2 ATkl A D
AMHEEEZEOND Z L E2RT.



Abstract

In recent years, as ITS (Intelligent Transportation System) has been
developed, the related research and development for automatic operation
is conducted vigorously. As one of the achievements, detects obstacles,
measures distance, and automatically brakes has been applied. In above
mentioned achievements, stereo image processing is used for distance mea-
surement. High efficiency of stereo image processing is indispensable for
cost reduction of this automated system. However, the processing which
is called as the parallelization of stereo images that shapes capture images
by projective transformation has become a bottleneck in realizing high
efficiency of stereo image processing. The parallel processing based on
the SIMD instruction does not work well because the projective transfor-
mation requires noncontiguous memory access.

Therefore, our laboratory proposed a shaping method for collimation
by using oblique axis transformation corresponding to the SIMD instruc-
tion. Using this method, we obtains the same distance detection accuracy
as that of the method using projective transformation. Since it relies on
the visual inspection of the corresponding point search for collimation,
the processing is performed according to the change of setting state.

Therefore, the automation for realizing calibration is difficult to real-
ize. Based on mentioned reason, we propose a corresponding point search
method which is suitable for oblique axis transformation to reduce errors.
This method is based on using two pairs of feature point coordinates and
two edge coordinates for solving the aperture problem occurring at the
edge portion and setting a threshold value in the transform parameter for
reducing the errors from the expansion and contraction of image.

Moreover, throughout the parallelization which is realized by oblique
axis transformation, the proposed method provides the detection of a pre-
cision which is similar to the parallelization by the conventional projective

transformation.
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1 EL®HIC

1.1 B=

AR, ITS (EEEREY AT L) OEET SH, FIZHEE L 27 A
J CRMOEHIRI 2 88T 5, LR B O HK GRS 2 T 2
DIFFEDRERAITONT VWS, L= =PI VL —X—-FDL ¥ —

I & BETABREMRRE Y AT LIEERLINTVWEH, BaAMTHDY,
EHHBEZMZ 20008 L\, I T, MRMICEERNHE 7ax v ¥
FAWT, kO ZicERHINE Z R TFREIND, HiffkEHWZREY
AT AT LADOBIFKITONT WD, TDOH AT RXR—ADHTfEEYIR
MY AT LIZBWTIE, 280X T2V DAT LA HERLE
Z& D, NEYEE TORMEHEELRE WD, IRXAT 1 HEDAEH
T2V AT LR, @SR Y AT LAOMENTREL 72 5. BIfE, R
BT D 72D DHEF A A T D AT U A WG TIX, v 7F v EHBED
B ADPEEDOE S PUHEDOAEZ I L WO HroFHIT T
5. LU, ZOHEEBRTIIRERRAEY) T 7R ARBELRD -

&, SIMD DN FFEFIZ & 5 m@E bHBWETH S L WO REHD 5.



1.2 MHROEH

AR TIE, RIREHAH L TIXN S AT U A RO ik % FEHRN
B ZeRHRNE TS, BARIIZIE, BITMETREIN TV ZRR
WA AW TR B VT, wibaE 2 MRIT 288, HEICHE-
TWz, & LTI, AT VAAATORERBOLMIETHE L 2R
5, HEINAF Y ) 7L — a3 VIZHIE U7 R sGEIR 7V 3 X L0
ML INT WP 6THS. ZOHEBIZIE, RKOFHELHL

KB, BHTHIZSI & ORI RRRE R NI S 2T B BN D 5.



2 AT L AERULEOHRE

2.1 RTFLAEE

AT U A BB L L, [A—DOXNEY % R 2 D0BR»SBHAL,
MR 12D 2 NEYOMEDTNIZE - T, ZDONEY & Oz
WBHETHS. IO E UT, AiGEEY 2T 2 028N
HY, TWIEERFH EIZFET D& S 2hf o YR O B U 725
AT T (BE) 2RBEITLII LV iThbNns. HEEHIEZZD

R % CIZATS. £5RAHT 201, FEHEEZA TV AEE X

EREHTH L. ZNIFLEEBRFITHEET DR TO R ERT & [F
CEmszR22iEl, EHg2AGHENYRE TS, Z OFEZ &
CEBOLEGE DRID A% KD, ZODESEIKE WG E FEEY T

Ho LW LFIRTHD.



2.2 RT L FERUIE

AT L A EGILERIZ X 2 R 5 B E Y O BEEERR L O FIE I
ER AT — BRZEH CEAL) — SR — PR

THH, ZORTHRE UMK ZBE LT 5D, 2o ER (SAD;Sum
of Absolute Differences) % FIfH U724 MRILTH B, —fIIZ Z DML
DHEBEEZHIRT 272012, FILEEE UTAT L A O IELE % 7
5. ZOWHE AT VABBROEITLE WD, AT VAEBKRITER, &
RBIAVPERKRE —HNT20PHBETH LD, FEBRIZ2O0DHWAT%
ZOESIZHET 2DFFEELAARETHD. TDd, ZOHEGLHE
FANERDOERT A v & F— KA LIZES LS5MIET2EHDT,
R D72 DM IE R ERDOFP A 1 T 1 VHIZRETE 57280, HE

EOHIRIZ DS,



2.3 HEEHBICLZIEEREHRE FOMES

SR (R Z D —DTH Y, 32—V v FREMZENRIHPE
iy, SFAABHOMAGHLEIZ L LHEPRROBE), £#TATH5.
RATFEVEE DR 20 2 D TRMEE LR LT TH 5. Kz, F
HYE L TN ZEREDOMED SR UG e OMISICELTWS. H
50U O & BB DX ISR 4 DL, IROITHIAEX D 2D pE

BAED O — BB NI A —R 2R LT 5 LR S.

X, (o o 10 0 0 —Xun Xy | [ ar ]
X5 e Y2 1 0 0 0 —Xome —Xoyo as
X3 x3 y3 1 0 0 0 —Xzzz —Xsys as
Xel |2e ya 1 0 0 0 —Xyzy —Xyyu ay
Yi| |0 0 0 2 » 1 —Yizy —Yiy as
Ys 0 0 0 29 yo 1 —Yoxo —You ag
Y, 0 0 0 23 y3 1 —Yzxz —Ysyus ar
Yy | 0 0 0 x4y yao 1 —Yyxy —Yyy, as |

XX, Y:) IZEHIC DR, (x;,y;) 13 HLL D RS

ZOFHRIZE > TRO SNz ay,...,as D/XTA—RELLTFDX (1)(2)

WRATDZZIEIZED T RURAEHEZTTS.



= z'al —l—ja2+a3
ia7+ja8+1

U_ia4+ja5+a6
ia7+ja8+1

X (L) REHETOT RV, (0,v) FE#EOT FL A

H AT VAMBGLIEDEGE, HATOFY )T L= a3 vh oA Hx
TA=—REHODNPUDORDTHLL ZENTESLN, ZTHoDRDRTH
2, BEIOT RVAGEIZE S AERBAEY T 7 ABRBREL IR DT
DU EDR MV XY 72> TWA, LU, BEBIZHLT VR LE
H%2iT>oTLES5DT, SIMD (Simple Introduction Multiple Data) 5D

W7 72 ANDEAITH L < SHbARETHL L I NT WS,



2.4 FRERH

EADHEBGED S, MEREZITS 20 InmERZ 275, EifhX
N AT VAR TIE, WInm i E—ACERE EIZFEEL TWA 720, [H
B OTRTOEBZBIZN UERZITI HEIT RV, AHEDEED R E

FEBERICS L, SnmziRT 5. AEfgzRdEE U, Al Tdin

2.1: EABEGRDOG R

R . o]

X' =(x+d,y) X=(X,Y)

TEHEREHERT S, GHB EOR z = (v,y) DEERITH L, LHEEDIH
—EBMMEZEERL, SADICLOBEASAZ—UAE - L BHLL N %
KB, KOmz o, flEE d edsL, 2/ =(w+dy TRTIL

MHES.



2.5 FEREHNNDEH

AT VA BEGUELOREEFIERZ=ZARETH LS. NEYHB X FHD
HFDMEICH LT D, AEME 26D AT 2R THEIE ZMENT

&, InEMALTEHZ S 5. R EXOEL 2 ITNIIRY.

e L) )

BAXS

c d

EAAXAS

X 2.2: =&

x: VYA oRNEF oMM {: EaiEM d: A
C: HASHEDOERE B: LY Ah5HMH £ TOMFM

M22£0Cx—d:B, LD d:?f (3)
X 1 1 1 fx

EHoRN = z =4

,,,,,,,, DRRED + =5 INEYB= (4)

. _JC - B _JC



3 RXEMEHRICEEZEREEZFOMHER
3.1 RIXELH

LR TIE, 9 TIT SIMD WA AR IZ 58 U 7 A AR fl i & U T
RREEBDHIEI N T WS, RIREIE X, <, ylizko7z7
A— R ZEJCIZHEHBGR T 528§ 5. BHEOEBGOMEE ITLHICL
gD 2 Iz Ko TRDEND. MU, BHITCOREEE (1),
BOREIE (X,)Y,;) £ 35, xEBIEOMHEE A, yEBEOHEBETLL A, B

FELRD 2R (6)(7) L &> TRed 5.

S ©

A:

B — (?J2—3/1)—(Y2—Y1)
X1 —Xo

(7)

IS L 72 A TG & TR DS O T A WIET 2 BEAD 5 720,
BHROINETS. ALAOTHE 6x, LFOTNESyET5. 200

X5 A= RIFRD 2 DDR (8)(9) I k> THIE B,

dx = A(height — y;) — (x; — X;) (8)

oy = (Vi —ui) — BX; (9)



3.1.1 xHEHARANDIEZ

TR G) OFMAETS. A LI, AEGEOEED 2 KRS
m & AERDONIET B 2 [ S EM N OF U S TOx BREOBE &
2R FEERIZR (3.6) DX S ITREIC 2 EMANERZ L IdmnD, 2E
R EDAMBEIZFAEL TVTH [xEGAANDRINE] & Z0ETEA

NHEETHH I L ZFHLTWVS.

\/

3.3: KT HANDHE

Effm EIZH D 2 K% (11,Y1)(20,Y2), EEn LITH DB 2 8% (X,Y1),

(Xo.Yo) 225, §5& 2EME

m: x= gfz:g;y n: x= (XQ_Xl))y (10)

10



EEREL. ZNED, n EOR(X;, y;) & m ED (z;, y;) DEARIK

n—m:  X—a;= (Xz_gé)__%rwl)% (11)

& (6) 2RAT D E

A (12) 13, Efn O x OEIIEIZERRMO X DHEMEIZAZMA LS &

THEEBZ L E2RT.

11



3.1.2 yE®HAMANDEE

XN BEAKIZLTRDZZENTES. BIXY BEOKHEZE
3. R (6) DIFIE y DIINEZ EE L7, SR x OMINE % [EE S
BZrickoTkDB, EEM EIZH B 2 % (X)), (Xoys), EfEn

RiZh B 285% (X)), (XoYe) B LB, T3 28

m: x= (ggz : gg)y n: x= ((XYz : ;/(11))?; (13)

ERED. INED 0 EOFI(X,,Y)) & m EDR(X;, Y;) OBEfRIE

ir Ly

(Yo = Y1) = (y2 — 1)

X, = X)) T (14)

X () ERAT D E

Y, =Bz, +y 15
j

X (20) 1%, EfEn Oy OHEIEMNEHRMO y DHIMEIZBZIMA S &

THREBZZ L E2RT.
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3.1.3 y#AMANDREMIE

R (9) DB T B. Sy & IZAAADEEDRIESD v DX TH .

3.4: BMEFHDOTNEL

B (3.4) IZRT &S IT, ERGEDOLEDNE (,y), FHEIZBORZEIL

U7 BOEBEBDRZ (o), y), GEHEDRZ (X,)Y)&dTdL

Yy =y+ Bz (16)
Y =46y+9 (17)

72, XN(16)(17) &b sy BWHEE TN S,

13



3.1.4 xEARANDREMIE

R (8) DBIZE T 5. ox & IEAADEEDRIEAD x DX TH .

YA X x,Y)  (XY)

3.5: K H D N

BTy B DAEZ GDE 7z, W x RO DAEZ AL 2 0% T

5. X (3.5)ITRT LD, KEGEOLEEDRE (v,y), HHIZBOA%E

BIS U 72O EBEBROSE (¢, V), AEKD S E (X)Y)2T5L
r=z+yA (18)

X =dx+2a (19)

14



&b, X (18), (19) K0 sx VHEHZINS.

3.2 SIMD LB & 255%F (b

HADIE Y, WELAMTIEME L, HREATAEY 25iAH T B
WH ol RIZHMZB T, 7 AXEETEGR 2 D ORI HIZ % {2

S >

EbtbZ L THBGEREITS.

X

AHTE B T
3.6: X T AT 7R [ELRR D 22 iR

X 3.7: y T ST 7R EAR D 2

15



-

3.6, 3.7 DRRIZ, x il & FEATRERRZ KT FNT p BisREE)§ 5 L%
115, FRRIT y il & SEAT R B TE G IS q R ET 22 ME 175,
U7=D85C, AJTHiG S ZHE G S KE H AN DZEHIZ D W TIZER D
HEZ —FELTAEY 727 RATAHI LA AREE 5. BEAMIZEL
THABRV TV RAWERG IS, ZOXICT—2% —FEUET 52
EWRHBERZ NS, WA ATEN»T Z & T, BEHEEHD EELA X

ns.

3.3 FIXHMEHRDHER

ZORREATIE, x BEOMHE A, yIEEOMHEEZ BAKE 05 L
BOMIEAREL LD, KM e DBENPKRELR>TLED. £2T
A, BOMEZEIFZL, FAOMEBIZRIZEZERZ 175 2 & CMiEic &
LA L TS, ULPUHBTONIGRIRETH 2727280, HiE
REOZMNMETHEIIRIEHNRF YV T L —2 a3 VIR TET
Wiiprorz. ZOHEMEICIT4MONIGRZ WS N EA L T8 5,
RIREHA I & OIS AIEREZPS NI T E2HENH D, Z O, Xt
JE R I ADREEZMZA 570D Ty VA THEL 2 OMEDUE

P, REOMEES L35 A, BZHRL, AOoFHd I ehifi@Elens.
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4 REFE

T T, PRz S S TR Re U 72 B D O R IE &
REOEGOME 2 KD ZFIED 202 EBET 5. FTHOMBEIZOV
TIE, WREURERR, =y VEE2 S8, RHEREE» S Ty VR Z
WMOBRS ZeTdET 5. A ORI Z XIS 1 7 BB 2 e 1 72

RS BEE DM, BL Oy VR E — P L 72 D2 L TITRT.

B 4.8 R~y F oo

17



& 4.1: R

R R R AR

T

(112,691)(912,256)
(349,63)(324,88)
(744,145)(752,171)
(153,309)(111,334)
(410,140)(390,164)
(114,320)(923,971)
(1379,184)(1319,206)
(488,167)(501,159)
(651,75)(783,134)
(544,135)(918,159)
(691,243)(600,270)
(127,101)(128,126)
(1306,782)(266,575)

(52,320)
(53,320)
(67,320)
(68,320)
(69,320)
(114,320)
(328,320)
(657,782)
(702,782)
(703,782)
(1107,782)
(1186,782)
(1306,782)

Yy F T URERERE» S, Ty VR RS Z & TR

BEHL, ELWHIERDOADH BR[O NS. V—A3— KPS al

MR O—E %2k L7z a— R E2 LA FITRT.

/*smatch.cpp B O RFEUR Z M/

std::vector<cv::KeyPoint> keypointsi;

detector.detect(grayImgl, keypointsl);

std::vector<cv::KeyPoint> keypoints2;

detector.detect(grayImg2, keypoints?2);

18



/*smatch.cpp HEIRORHERIZH 1T DRHHE % fliHi+/
cv::Mat descriptorsli;
extractor.compute(grayImgl, keypointsl, descriptorsi);
cv::Mat descriptors2;

extractor.compute(grayImg2, keypoints2, descriptors?2);

/*smatch.cpp FEUI~ Y F v T */
cv::Ptr<cv::DescriptorMatcher>
matcher = cv::DescriptorMatcher: :create("BruteForce");
std: :vector<cv::DMatch> match, matchl2, match2i;
matcher->match(descriptorsl, descriptors2, matchl2);

matcher->match(descriptors2, descriptorsl, match21);

/*smatch.cpp ¥ v F UK EURERE DM %2 csv 7 7 1 VITH
if CCHEERMEN K & K BRDGEIIH TR0 EREAT T */

for (size_t i = 0; i < match.size(); i++)

cv::DMatch forward = match[i];

19



int query = forvard.queryldx;///EEifgD~y F Ll ¥ T

7 A®/T

int train = forward.trainldx;//HAHEHBEOSYFULzA VTV

7 A®/T

cv::KeyPoint kpl = keypointsi[query];

cv::KeyPoint kp2 = keypoints2[train];
if (-200<(kpl.pt.y-kp2.pt.y) &&
(kpl.pt.y-kp2.pt.y)<200 && -200<(kpl.pt.x-kp2.pt.x) &&
(kpl.pt.x-kp2.pt.x)<200){
fprintf (fp, "%d,%d,%d,%d\n",
(int)kpl.pt.x, (int)kpl.pt.y,

(int)kp2.pt.x, (int)kp2.pt.y);//lx,ly,rx,ry

20



/¥bout.c N v F UTRBURBEED & Ty VR 2 HLD BR< */
while ( fgets(ereadline, N, efp) != NULL ) {
len = strlen(ereadline);
while ( fgets(sreadline, N, sfp) != NULL ) {
ans = strncmp(ereadline, sreadline, len);
if((ans > 0) || (ans < 0)){

fprintf (bfp, "%s", sreadline);

21



RIZER B OMEEIZOWTIE, B2 & U 7z D & FLE T
Z VAL 2MONISREERL, RREEHREZTS. T LTI E
TOHEZREH L, WAL OFELIKT S, ZNEMOIRL, T—
64528 T, BEEZREL, REOMEZZIET L. 7 XL
R 2 MLEIR L, BREAHEZ T, AAOmEGEER/AERE LT
IR

4.9: ZfhiE

(a) il 1 (b) 2

Bl 1 TOxEHOMEE A1 0.313084, yHHDMEZ B 1% 0.000885 T, #l2 T
X A 13-0.226827, B 1%-0.000604 £ 72> TW5. AT L AEEEOMEE |,
BXOBRWVERE EIXEADOEGEERZLEE, b kD YELDLONHE

BMTHs. 2%, #1 PHAITENVEHIERTH 5.
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5 MERERTE
5.1 ZRAER

KOG AM, HAT OIS RPREREFITHD & RS A 217 5
TERIK, B LCRETIRIC L 2 QLM Z HAQ7ZfE R %2 DUR IR

ER

X 5.10: Z#afkR

OF 23 (b) RIEE iz

(c) BEFIE

EERHEIZD &5 EEHRDG->TED, [ERIEA, DxDiREREZHHEHD

O, IFIFHEDOEBERNELNT WD,

23



5.2 FEBEEEHER

2

BT U, EROP LML, RETIROMEHRE 2 i L
b DERVITRY. HREHIZ X 2R CRORORIREIZEH, B

FREFEIC L 2E MM OEZE - - BUHZRERLE T 5.

& 5.2: HHHERS R L

SRR (R )
WM | R /e SR

24.356 | 24.356(20.00% ) | 24.356(£0.00% )
22.387 | 22.387(x0.00%) | 22.389(+0.01%)
23.821 | 24.858(+4.36% ) | 24.803(+4.12%)
22.632 | 22.498(-0.59%) | 22.731(+0.44%)

PRAEERS B 3R DR SIS L & FLIR L, DI i om kL, FEk

ERIIHERD 1.54% 015 1.24% 12 F THEINT WS,

24



6 HENE

KEFER2 S, HHEEICBWTEL 723 e R 2T\, b d
5L CTHlARERBIELZDNAETHI D7z, LT, H
—DHA T, FERWIZBENT, —EFXFy ) T —ya vz, 20
NIA—REANTRRLZEETEREEZ N TIE T 5 Z & h50
BETHDBZ Db oTz.

SHEOFEE U T, EBRIZATIEORETIEIZ SIMD sz EHEL,

i

A DILHEE 2 L U, HLHE2REFIRTES A oND

(Y

LERTREDRDD.

HE

AHGEZATOITH 20, HIEE, MBS 2 THE X U 7l RE0%, 1hx
NERRBBEE, REMEEICHEEHBL T, /2, HRARFEIZT

BIEHIZR D X UHREOERIZH O & D EH WL X
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A T
Al ENHXIER

243 MHERT (SAD;Sum of Absolute Differences) & 1X[A UK E D
BOmi % KT 5 & &, SIST 2 /MHEIC DN T O HEGRE D5
ZELD, ZOMEEGFILZHD. ZOBMEN/NSWIZY, ZOODHE
BITFELLTWB Z & 2RT.

T DEERFTD mxn EFEER T 4 > RO SAD IZLA RO (20) 12 & -

TRkodoNns.
m/2 n/2
SAD = > > (Alwiyy) — Blxi,y;))) (20)
i=—m/2 j=—n/2

A.2 SIMDE&

SIMD(Single Instruction Mlutiple Data) & l&—2 D4 THEBD T —
2 U T ZTSmatky b THB. NHAGS TIRINEEFEOMmS %
FITT B, 13I0RT LIV —ABLVPTFAT 2= aryD2200
ARTVRNERY, B E2ETUZOMEEZT AT 42— a vt RT
VRIZHMNT D, 2DDART VY RERBRELTEN, Rl OULNES
NV, FUIHL, SIMD @R TIEY —ARTT AT+ 2=V a VIlE
BDOT—2%5Z2, Thie —DDMATCELOTETTS. 14D55—

28



JUHL U Z X (Destination)
D

+
PHLV XX (Source)
S

T
PAHL Y XX (Destination)
D+S

* 1.3 PGS
DDMATEDDWMEEFITL, TATAF—Ya VL TWwWa, il
SNUTZEBDT =R PO RO-ZFEADMHETH D, —DDWMAF T8 DD
MRDHSNT-Z L1275, SIMD IXHBAIFE D 72 D DT — X ILFE & % 1

MmEgsenwWs 7 70 —FClidilfbE2EH L TW5.

SIMD L YA & (Destination)
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