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Abstract

This study attempts to create a brand new visual odometry based on the theory of
augmented reality and implement this technology to image-based positioning system. The
advantages and functions of augmented reality are able to provide the position and pose of an
object, while common positioning systems are restricted only to determine the position. By
calculating the transformation matrix between world coordinate and camera coordinate, this
positioning system obtains the rotation matrix and translation vector between these two
coordinates. With these parameters, the xyz distance between camera and the center of
pattern image would be acquired. Moreover, as the transformation matrix is obtained, this
positioning system would project virtual object to the computer screen by augmented reality
to provide additional information to the users for navigation purpose. By implementing this
theory, this positioning system is capable of determining the position of objects without any
signaling-beacons. In other words, this technology can be defined as a brand new positioning
system. After designing the algorithm, this study successfully constructs a program of this
image-based positioning system. The advantage of this image-based positioning system is that
it requires little setups; achieves an accuracy of the position of camera within 2cm; and
calculates each frames in merely 0.067 seconds. The high accuracy and efficiency of this
positioning system enable it to be applied to applications in need of an advanced positioning
system. This can be a great contribution in navigation of museum and educational exhibition.
Furthermore, this image-based positioning system has an overwhelming potential to be
combined with various domains such as sensor networking and robotics. In conclusion, this
positioning system can determine the position and rotation of an object precisely in real-time

and has a feasibility to be combined with diverse domains to dedicate to the world.
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void buildpattern(Mat& image, Pattern& pattern)

{

pattern.size = cv::Size(image.cols, image.rows);
pattern.frame = image.clone();
getGray(image, pattern.graylmg);

pattern.points2d.resize(4);
pattern.points3d.resize(4);

const float w
const float h

= image.cols;
= image.rows;
const float maxSize
const float unitW
const float unitH

= std::max(w,h);
w [/ maxSize;
h / maxSize;

[ [RETELF(8) (9)

pattern.points2d[0]
pattern.points2d[1]
pattern.points2d[2]
pattern.points2d[3]

cv::Point2£(0,0);
cv::Point2f(w,0);
cv::Point2f(w,h);
cv::Point2f(0,h);

| [FESHRAR

pattern.points3d[0]
pattern.points3d[1]
pattern.points3d[2]
pattern.points3d[3]

cv::Point3f(-unitW, -unitH, 0);
cv::Point3f( unitW, -unitH, 0);
cv::Point3f( unitW, unitH, 0);
cv::Point3f(-unitW, unitH, 0);

| [EE TSR EEAR 21

BEER I RE A Z S H B A 7U(8) () ETTHEHE - Al B SRR 21

(3) TR

SER T 2 G I SRR AR B R - BRI nE A R o [F
RF ST HET TRAECRG M) DAV SR B AR B S B2 5T - 2RI ARYR S
FHEEAPETR AT - DAk 2 5 T EA R AT Z E AR EUEM T FLrp 2R
SIFT B SURF u] LAfGtif 2 HIRCIHVERCH - (ERERERYS R M EEE < BRISK
B3 FREAK HINE gl s 2= 1AM FE3E  S0PRA ORB Rl (HMNEE T o DUT Rt
B ES 7y 2 R AR -
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R 2 FRMRANERVAERR

HHF SIFT SURF ORB BRISK FREAK
T ERFEIR 15.7233s 4.5235s 0.0235s 0.0642s 0.1562s
FRIOUCHEC 5293 2340 492 490 835
B
Ptr<FeatureDetector> featureDetector = new::0RB(5000);
Ptr<DescriptorExtractor> descriptorExtractor = new::0RB(5000);

Ptr<DescriptorMatcher> descriptorMatcher = new FlannBasedMatcher;
vector<KeyPoint> queryKeypoints;
Mat queryDescriptor;

featureDetector->detect(src,queryKeypoints);
descriptorExtractor->compute(src,queryKeypoints,queryDescriptor);

LL_E BB 53 Ry ¥ ARS8 CORBRFHEEANE FUAME TR > PRAIS000 (MR ZCh: -

[& 27 ORB 5B
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(4) REERMEE
SERk T S5 GBI N A\ 252 R BV FOITR - e Ho g A OpenCV A
bR\ o HRH B MR

homography = cv::findHomography(queryPoints,
trainPoints,
CV_FM_RANSAC,
reprojectionThreshold,
inliersMask);

Hrf homography FyEEHL4FE# > queryPoints il trainPoints 53 5l B2 52 Edim A2 R 2
{2hh -

28 FoFl| FH MM AERE - 275 5o G TP Ay POETERGIR I A 20 (10) (11) (12) #i
ko R EAEESR T -

B 28 BERMSERFTE R NS R 2 2EHR

(5) HRBESEEE
EHLL EPERORIGH BRI AR - IR £ - WEISBEENR - HHE/E
A HER A (13) AR EN 2, -

Mat rvec, tvec;
Mat r;

solvePnP (pattern.points3d,pattern.points2d,K,distcoeff,rvec,tvec);
rvec.convertTo(r,CV_32F);
Mat_<float> rotMat(3,3);
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Rodrigues(r,rotMat);
raux = rotMat;

DA _F Fy3% 5 OpenCV 2 (NEERK 8 solvePnP F&FH AR H 52 FE £y (pattern. p01nts3d) EiaEEAG:
B;ﬁﬁé%(pattern points2d) ~ NEFZE(K) ~ DA IR Z:8 (distcoeff) » HEE H i A & (rvec)
B ES[H) & (tvec) » FFLA Rodrigues /3 e ) S8Ry 3x3 HYHEHEHH -

Cam Matrix(solvePNP)[0.99961364, -0.0010668441, 0.027773976, -0.12834275;
0.0020840212, 0.99932706, -0.036620244, -0.0073316661;
-0.027716218, 0.036663976, 0.99894321, 2.6118462]
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(6) EFREME

EH E—2PBR > AW 2 SRARIRE R T R T T S AT 2 B AR AT 2 e
bl - fEiE— P ER T RFE I ERIAY 2 28 2 R (30em ) » ZLfr 4 3((14) (15)(16)
sTEHPAA D R B AL AR S 2% ohu L Z B -

const float scale = 15;//cm

x = scale * t.at<float>(0,0);
y = scale * t.at<float>(0,1);
z = scale * t.at<float>(0,2);

FEIEE » FEBBHEGHFLH scale PRSI ERY xyz BRSSPI R BEAL

(7) FEEEIE
ARG B #E 20 B (5) PG AV JE PR B BRI Y A2 8 K> SER TSR
FERR R = SR R - 2R 2 P BREAR -
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MR AR E ] DS KIS FHPAE XZ PR #hs - B Y SRV EEI0 AR ES) > aERsEAE
FURZIEHENE o MR - A ERAGRE AT 7E I F 152 B AR R B 1 B e fr Bt [

g (V-SLAM ) -

(Z) ~ FRFEEEAZETREAEEERERE
AT FERTIENT 2 WA A A] T R AR B 2528 0 2 xyz T [RIAYEERE > SR
DB S M A FFROR » LM THERE R > AAWFE 2 ke n] 2 BRI R AE s Ay
R TRBHEBEAFE LT B R S BRI AT S N 2 8

R 3 ERERIEAL L FEEE B E R

Point 1 Point 2 Point 3 Point 4 Point 5
Actual X 0 -5 -5 -5 5
Actual 'Y 0 0 0 5 5
Actual Z 35 35 40 40 40
Measured X | -0.18 -5.17 -5.06 -4.58 5.17
Measured Y | 0.23 0.01 0.08 5.03 5.36
Measured Z | 34.97 35.71 39.42 39.16 39.85
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