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ABSTRACT

A Detection Method of Visual Landmark Information for

Mobile Robot Localization

Na Jung Hyun
Advisor : Prof. Ko, Nak Yong, Ph. D.
Dept. of Control and Instrumentation Eng.,

Graduate School of Chosun University

This paper investigates a method to find coordinate of a feature captured by
the image sensing device Kinect provided by microsoft. It detects landmarks
from the image and calculates their coordinates. From the color image and
depth information by the Kinect, it extracts features from the background. It
uses channel transformation, binary transformation, labeling, convex hull
algorithm for the extraction. Once feature is extracted, it's coordinate i1s
calculated. For these processes, it uses OpenCV library. To remove the
discrepancy between the color 1i1mage and depth image, coordinate
adjustment is needed. The coordinate is represented with respect to the
Kinect coordinate frame. The method is tested and verified indoors. The
proposed method can be used for localization, mapping, and simultaneous
localization and mapping(SLAM) which are indispensable for autonomous

navigation of mobile robots.
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NE DX
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A
W
In

JIHEE= I8 3.22 20l 2IH2l 210l M A (Depth Sensor)2t 1JH2l AMAF Stdet
(RGB Camera)Z A& 3042 dl=2F 442 OIOIAZZE(Microphone array)l& 2
& 0o UCH. el IILES = IS AES 3= oAU Hel3EBE &S
Jl <18t dIMSO0ICH. £&F 20l dAs A CMOSHIA 2 MM 2ol T2 ME
(IR laser projector)2 AT UCH. & 3.3 8 3.4= IHEQ 22Xt
A2IE LtEHE 2&0/cHPIR,

—_

¢}

MOTORIZED TILT

MULTI-ARRAY MIC

O 3.2 =2 SMHMA (X : RGB Carmera, =: IR Camera £: IR laser projector)

Depth Color - Mandatory
IR laght Depth image Color image . Options
: CMOs CMOS

2 "
PR TOEhONE] “'”],:I -
Audio -

4 external digtal [P
audho sourced




Ct.

FH

-1 Invisible
» Light Source
iluminates
Subject

JIHE SK AlHE & JHEY

AtEob)| flet T2 0™

End-user
r » device reacts
appropriately
2  Unigque Embedded
- Imaging Software
uses “depth map”®
to perceive &
identify objects
in real time
2 Sensor Chip
" gistance hoht
traveds, to each
pixed within
the chip
8 3.4 2|14 E &2l
23
g & ARE oI foHA oY ClBt0lA E2t0ItH et 2|
StCH. el IIHWE SK XIS = IIYE dAu Uist
Asez2 AXE0. HE 3.1 H 3.2 IIYLEE AEoH|

Related SDKs

Relate Tools

Related Downloads

Previous Versions

Microsoft DirectX

Microsoft Visual
Studio Express 2012

Kinect for Windows

Kinect for Windows

SDK Runtime v1.6 SOK 1.5
Express
Microsoft Speech XNA Game Studio Kinect for Windows
.NET Framework 4.5
Platform SDK v11 4.0 SOK 1.0
Kinect for Windows
.NET Framework 4.0
SDK beta

XNA Framework
Redistributable 4.0

Kinect for Windows

Runtime v1.5
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FH

3.2 IIHE A

Kinect

Array Specifications

Viewing angle

43" vertical by 57° horizontal field of view

Vertical tilt range

+ 27

Frame rate (depth and color stream)

30 frames per second (FPS)

Audio format

16-kHz, 24-bit mono pulse code modulation
(PCM)

Audio input characteristics

A four—microphone array with 24-bit

analog-to-digital converter (ADC)

Accelerometer characteristics

A 2G/4G/8G accelerometer configured for the 2G

range, with a 1° accuracy upper limit.

2. YEQ D2 A U HeE:E

Jb. J|IHE dA HE

J|UE= )2l 3,59 20| LBHEQOlI RGB It0ct2 &Y= HAaH(Color view)Dt
E2HAE HAOl 20| HEEE UEIUHE ZA&H(Depth view) del) HE = AlEXHS
=22 UEIH= G4 (Skeleton view)S MZol=Ch. D0 20| 2 Haol A
S0 2HCH Depth HAHAM AZ2XH0 oY FH2 SEHE MOZ LIELIN
Ch. 8t AFE XSl 20000 ciEotes 22&E 0l st ZHE(Coordinate)S ESE %
QUCH, O 3.62 ILENAM XNoi== AR 2ES LIEHY 210ICH




HAND_RIGHT

FOOT RIGHT

S

WRIST RIGHT =
ELBOW RIGHT 0 p
SHOULDER_RIGHT ) — %

HEAD SHOULDER CENTER

- \ﬁr/ar

{ ) SHOULDER_LEFT

SPINE
e

a
, o HIPF CENTER
i —g

HIP_RIGHT | L MIP_LEFT

KNEE_RIGHT () ) xneE LesT

< A AMNKLE RIGHT ANKLE Lil‘r(:_‘!’-f

8" 3.6 2= Jtsdt AAEX

W ELBOW LEFT

FOOT_LEFT

n

HAND_LEFT

.8
= wrasT_LEFT

1o 2004 o 2F 0l Oist 2= IIYLE SK2 XX SE=Z REZH U2H

o 2&0 et 0= & 3.3 2t
H 3.3 Skeleton 1D

Index Constant Description

0 NUI_SKELETON_POSITION_HIP_CENTER Center, between hips.

1 NUI_SKELETON_POSITION_SPINE Spine.

2 NUI_SKELETON_POSITION_SHOULDER_CENTER Center, between shoulders.

3 NUI_SKELETON_POSITION_HEAD Head.

4 NUI_SKELETON_POSITION_SHOULDER_LEFT Left shoulder.

5 NUI_SKELETON_POSITION_ELBOW_LEFT Left elbow.

6 NUI_SKELETON_POSITION_WRIST_LEFT Left wrist.

7 NUI_SKELETON_POSITION_HAND_LEFT Left hand.

8 NUI_SKELETON_POSITION_SHOULDER_RIGHT Right shoulder.

9 NUI_SKELETON_POSITION_ELBOW_RIGHT Right elbow.

10 NUI_SKELETON_POSITION_WRIST_RIGHT Right wrist.

11 NUI_SKELETON_POSITION_HAND_RIGHT Right hand.

12 NUI_SKELETON_POSITION_HIP_LEFT Left hip.

13 NUI_SKELETON_POSITION_KNEE_LEFT Left Knee.

14 NUI_SKELETON_POSITION_ANKLE_LEFT Left ankle.

15 NUI_SKELETON_POSITION_FOOT_LEFT Left foot.
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16 NUI_SKELETON_POSITION_HIP_RIGHT Right hip.

17 NUI_SKELETON_POSITION_KNEE_RIGHT Right knee.
18 NUI_SKELETON_POSITION_ANKLE_RIGHT Right ankle.
19 NUI_SKELETON_POSITION_FOOT_RIGHT Right foot.

NUI_SKELETON_POSITION_COUNT

Used as an index to
terminate a loop. Not used as
a position index.

L. JIHE Held3=2

Hld MMUA SE& 22 852 =Ml BFAIEI0f CHE CMOS IO 2ot Q14
ot HelE elaloi A AlsketCr. delld A2 ol

= 320x2402 BAE H
Hel 32= Hd dAH0A Held
o

el& Jthl2tE ol=Zat

JIHNEQ

tiet OI0IXIE ddotH =0 Ol

SESI O 3.79 20l X
e 4 At

18 3.7 IIEE Hed dIoIM XA
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ILENA Y= B0l 2 HAS 640(Horizontal )x480(Vertical)2l 3t

(5] (=3}
OlEci2lE OISRt AHEE &=+2Z2= cvlvtColor()E ALS3IA2H RGBY &
C

_BGR2YCrChE 0|23t Ycber@ A2 oKL, 1O
il

o<
UJ

8 3.9 Mg BHEE P& (I RGB MY, < Ycber ME)

8 3.102 Ycberol Mg Bigst da= Y, Cb, Cr 2 222 MEZ =22l &t
250IC. Ol cvCvtPixToPlane() &5 O0I&3tM 22t2 XHZ20 aHEdt= 00l
XNE =2clAE = ULk,

" 3.10 2l Ycber ME L& (F: Y, S: Cb, <1 Cr)
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rtor
[l

Otee] AADEMAM m_Downlmage= & Z&0I04 m_Ycberimage= HEH
HA0ICH. E8F m_Ycber Image—>height 2t m_Ycber Image—>widtheE ZF&S] FAJIE
EtLHOA Color_y, Color_cb, Color_cr& MEHS=E FAol 22 Lo A
S UtEHCH. 2Ocl2 m_CoMint m_CbMax 2l m_CrMindt m_CbMax= & =0t

ot SEES Mo s Aol LHLOICH

°

min

sy
z

cvCvtColorim_Doynlmage,m_Ycber Image, C¥_BGR2YCrCh) ;
cvCvtPixToPlanel m_Ycborimage, m_yPlanimage, n_crPlanimage, m_cbPlanimage, 0);

for{ int v = 0 ; ¥ < n_¥chorlmage->haight ; y++ )
for{ int x =0 ; % < n_¥cbeorimage-=width : wx++)

Color_y = m_yPlanlmage—>imageDataly + m_vPlaninage—>widthStep + x]:

Color_ch = m_cbPlanlimage->imageDataly +« m_cbPlanimage->width3tep + x]:

Color_cr = m_crPlanimage->imageDataly « m_crPlanimage—>widthStep + x]:

ifi{{m_CbMin <= Color_ch) && (Color_ch <= m_ChMax))

if((m,ErMin <= Color_cr) && (Color_cr <=m_CrMax))
n_Downlmage->imagelata[v+n_Downlnage—>widthStep + (x+3)] = (unsianed char)255;

n_Downlmage—>imageData[v+m_Downlnage—>widthStep + (x+3+1]] {unsigned char)255;
n_Downlmage—>imagebatalv+n_Downlnage—>widthStep + (x+3+2)] (unsigned char)255;

?Ise
n_Down|mage—>imageData[y+m_Downlmage—>widthStep + {x+3)] = (unsigned char)O;
n_Down|mage—>imageData[y+m_Downlmage—>widthStep + (x+3+1)] = (unsigned char)O:
; n_Down | mage—>»imageData[v+m_Downlmage-»widthStep + (x+3+2)] = (unsigned char)0:
F
?Ise
n_Down Image—>imageData[w+m_Downlmage->widthStep + (x+3)] = {unsigned char)0;
n_Down Image—>imageData[w+m_Downlmage—>widthStep + (x+3+1)] = {unsigned char)0;
} n_Down Image—>imageData[w+m_Downlmage->widthStep + (x+3+2)] = (unsigned char)0;
}
F
= _
g 3.12 EHE ds 443D
= [= === O =o = )
SEYEES HEote gLelse Ush &0

Ycberlmage = cvCutColor(RGB Image)
Yceber Channel Image = cvCutPix ToPlane (Yeber Image)

for Verical size of Image
for Horizontal size of Image
Cb= Cb Channel Image pizel(z,y)
Cr= Cr Channel Image pizel(z,y)

1f Cb, Cr € Landmark color
RGB Image = 255
else
RGB image =0
endfor
endfor
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18 3.16 2HA & dLcIEE S ZANE S S

Ot. BXI& &

g 3172 SFES BXE ZEote 44 DEOICH. GIIA Blob 2cHAE
0l=Z5tH OlXStE OI0IXNE gsttt. & OI0IKIHAM M d9=S Yol=E
oftHl =Ct. BlobSmal ISizeConstraint ()2t BlobSmalISizeConstraint()= dI0I=&

ZE HollFAH =

Melg & ZAa S ol oA AOIXE2 =IO TA ALOI
X

Ol Ot 322 & E9E MA ot &=0IC.

SMUMN Hel® oISl JH40HS cvFindContours()E 0IBEH0 2 HES
A S0 012 MBSID OIS 20l X0l 2 IUF = ASE S B
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n_Blob.SetParam(n_Gray|nage, 500 ;

n_Blob. DoLabeling(}:

int nMaxWidth = m_GrayImage—>width =+ 9/ 10;
int nMaxHeight = m_GrayImage-*height + 3 / 10:

m_Blob . BlobSnal |5izeConstraint{ 10, 10 };
n_Blob . BlobBigSizeConstraint( nMaxWidth, nMaxHeight }:

Ior(int i=0 : i < m_Blob.m_nBlobs ; i++}

CvPoint pt1 = cvPoint{n_Blob.n_recBlobs[i].x.m_Blob.m_recBlobs[i].v);

CvPoint pt2 = cvPoint(pt!,x + n_Blob.m_recBlobs[i].width,ptl.v + m_Blob.m_recBlobs[i].height);
CvScalar color = cvScalar(D,0,255);

cvDrawPect (m_Downlnage,ptl,pt2.colord;

cwCircleim_Downlmage,pt1, 3, cvscalar(0, 255,007
cvCircleim_Downlmage,pt2, 3, cvScalar(0, 265, 0]
cvCircleim_Downlmage,cvPoint (ptl. %, pt2.v),3,cvScalar(0,255,00);
cvCircle({m_Downlmage,cvPoint{pt2. %, pt1.v), 3, cvScalar(0,255,0));
cvSmoothim_Gray Image,m_Gray|nage, C¥_MEDI &N

cvSmoothim_Gray Image,m_Gray|nage, C¥ _GAUSSI AN ;

cvSet ImageR0l (m_GrayImage, cwRect (pt1 . %, ptl.v,m_Blob.m_recBlobs[i] . width,m_Blob.m_recBlobs[i] . heightl);
n_Foilmage = cvCreatelnage{cvGetSize(m_Gray|Image), IPL_DEPTH_8U, 1)
cvCopy(n_GrayImage,n_Roilnage);
cvReset ImageR0l (n_Gray Image);
cvFindContours{ m_Poilmage, storage, &contour, sizeof({CwContour),
CY_RETR_LIST, CY¥_CHA | N_4PPROX_HONE, cvPoint(0,01);:

if {1 {contour == HULL))
hul | = cwConvexHul | 2{contour, storage, CY_CLOCKWISE 1) ;
CwSeq+ Approx_contours = cwhpproxPalv( hull, sizeof(CvContour), storage,CY_POLY_&PPROX_DP, 9,10);
CvPaoint+ st = (CvPoint+)cyGetSeqElem( Approx_contours, 0 )
for Cint @ = 0; i < dpprox_contours—»total = ++i)
CvPoint+ st1 = (CvPoint+)cvGetSeqElen{ Approx_contours, 0 )
cvLine(m_Downlmage, #st, +st1, CV_RGB(Z255, 285, 265));
i cvlCircle(n_Downlmage, cvPoint (st [i] . x+ptl.n ,st[i].v+ptl.y), 2, cvScalar(0,0,255),2);
Set¥ertextPoint ((POINT +)st,pt!,dpprox_contours—>totall;

cvPelease Inage(&n_Roilnage):

a8 3.7 dolsg AHAS Xl AATE

ZXE &

1: for Numberof Labeling

2: x,y = Labeling image

3: ROI Image = SetROI(x,y)

4: contour = cvFindContours (ROI Image)

5: if Contour= TRUE

6: Hull = cvConvex Hull2 (contour)

7 Approx _contours = cvApprox Poly (Hull)
8: for contours total

9: x,y = cvGetSeqElem (Approx _ Contours)
10 : endfor

11 : endfor
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J83.27€ 2™ RGBI &t Depth Z&L0I 1:1 HEOl &KX %= RS =g +
UCH. GIIA = o2 &M RBIYUA S =2 4010 28 40l
JelE UEtWE D 2 o2 REBE AL Depthd &= UHE

N2l 20ICH 2= FAUN 228 o

- o
= JIYEN ZEDA R A0l ZH2 & FE2 d5E IH0ICH

18 3.27 RGBE &f 1t DepthE & OHE (&: RGBE &, =:

SEXHZ AE0l= RBY AN 2SS SHFO Hel F2E UEHHE Depth &
At2to| Ml FHO| QXI} LMBILH OIS 2RO ZAoZ AZEE SIFO A
2lQt grars P5Ek)| ol REBIAINA 2EE SXAO LA FHIb Depth FALS
TiM REQ 1:1 DR 0l SI0{0F BHC

02l 3.28 I & 3.29= IIUE SDK 2101224 2|0l A RGBE AL Depth Ao
oM KEZE BAGHs 8200,

HRESULT { STOMETHODCALLTYPE +HuiImageGetColorPixe|CoordinatesFromDepthPixelAtPesalution )
INuiSensor + This,
A+ lin] +/ HUI_IMAGE_RESOLUT ION eColarPesolution,
A+ lin]l 4 HUI_IMAGE_RESOLUT | ON eDepthPResolutian,
A+ [in] +=/ const HUI_IMAGE_VW I EW_AREL +pcViewhrea,
A lin] +/ LONG IDepth¥,
A lin] +/ LONG IDepth¥,
A+ [in] +/ USHORT usDepth¥alue,
A+ [out] +/ LONG +plColork,
7+ lout] =/ LONG +plColory);

18 3.28 RGBE &f 1t Depth Fath T4 XHE

o
)l
]
e
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HHES?hT.é STDHETH?EQ#LLT?PE +Nui ImageGetColorPixelCoordinateFrameFranDepthPixe | FranedtResolution J{
uiSensor + This,

£+ [in] #/ WUI_IMAGE_RESOLUTION eColarResolution,

S+ lin] #/ HUI_IMAGE_RESOLUT ION eDepthResalutiaon,

e lin] +/ DYORD cDepthValues,

J+ [size_is][in] +/ USHORT +pDepth¥alues,

/= [in] +/ DWORD cColarCoordinates,

f+ size_is]lout][in] +/ LONG +pCalorCoordinates);

]
1
N

™ 3.29 RGBE &f 1t Depth Fah T4 XE £2H

ch. JIHE S&a B2 YE

JINESl RBHAW DepthFatel 2& Y & =022 JIHES Z X Hell
Zd=E RGBEYS Depth S0l OHE StMOF 8tlt. = Depth S&t0l == H4
HHEE A g2 0186t 2= RGBe T4 HNHEE =0

SPEE RGO WA MES My HEE ZEE Depth S&tel ZAN &H o
ClH RGBE &t Depth F&tol 2&HE FHa & ZUE =g = AT, 18 3.30

RGBE &t 1t Depthdal=S HE AlJle &4 ZEOICH

ro

Nui ImageGetColorPixelCoordinatesFromDepthPixelAtResolution()&4+=5 AlZ5dl

O £ Za2 BF L HE AZ £ UCH

long oxs

long oy

int ax;

int aw:

int |cnt = 0:

for{ ay = 0 : ay < 480 ; ay++ )

{nr( ax =0 5 ax < BAD : ax++)

m_pHuiSensor—>Nui ImageGetColorPixelCoordinatesFromDepthPixel &tResolution(
HUT _ I MAGE_RESOLUT | ON_E40: 480, HUI _I MAGE_RESOLUT | ON_E40:480, HULL ., ax, av. 0. &cx, &ow ) ;

%f (cx > 540D
' oy = B39;
if (cy > 480}
} cy = 473;
if (m_realDepthlicnt] == 0}
m_Depthlmage->imageDatalav+m_Depthimage—>widthStep+ax+n_Depthlmage->nChannels+0] = O:
n_Depthimage->imageDatalav+m_Depthlmage->widthStep+ax+*n_Depthlmage—>nChannels+1] = 0:
m_Depthlimage—>imageDatalav+n_Depthimage—>»widthStep+rax+m_Depthlmage—>nChannels+2] = O;
?Ise
mn_Depthlmage—>imageDatalavsm_Depthlmage—>widthStep+ax+n_Depthlmage—>nChanne|s+0]1=
m_plmage->imagelatalcy+m_pImage—>widthStep+cx+n_plmage—>=nChanne ls+0] ;
m_Depthimage—>imageData|av+n_Depthlmade—=|dthSter+ax+n_Depthlmage—>nChanne | s+1]1=
m_plmage->imagelatalcy+m_pImage—>widthStep+cx+n_plmage—>=nChannels+1]
m_DepthImage—>|mageData[ay*m_DepthImage—>w|dthStep+ax*m_DepthImage—>nChanneI5+2]=
m_plmage->imageData[cy+m_plmage—>widthStep+cx+n_plmage—>nChannels+2] ;
fcnt++z

3.30 RGBE &t Depth SH&to| OHE A RE
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2 421008 =0 s SAE HE= 2XEQ M2 ME el IYE
g JlEez BXNE 229 HElE UEIH EEO0ICH. &X AH2l 2m H2loA 53
st 2 IJYEN Z2EE BXE2 Hele & 4~5em 8% Xt LAEGHAC

& Hl JtZ(Horizontal) 30cm, MIZ(Vertical) 45cme AJIE 21D Y= SHE
g2 JIYEE JIELZE 2T (Degree) 2t P&t AFUHA BXE 222l AH 3D
(Meter)E =dolQUCH. O Z20 &0 HFRXN=s SEE A0 &AM K2clClot
HelE 0IZEot 58t SHEL Hele mm SR @I LAUBHAUCE.

Landmark Info XZ Info Y% Info
AN o 4
=AE THE e 2
X277 0 :4.303602 0 :7.088732
Y : 169 1:4.303602 1 :-5.303555

2 1 -4.104135 2 :-5.303556
X : 277 3:-4.104136 3 : 7.088732
Y : 293

HEOE 2| X HEOIS LA
X : 361 0 : 0.1538094 0 : 0.254310
Yo: 293 1:0.152991 1:-0.188723

2 :-0.145014 2 :-0.187609
¥ : 361 3 -0.147597 3 : 0.255802
Y : 169

= JIV(FHE) : 0.301490 ok V(M E) : 0.443033
depth SH ZINCE)  0.301733 SH ZIMHZ) : 0.443196
0 : 2045(mm)
1 : 2033(mm)
2 1 2021(mm)
3 1 2057 (mm)

g 4.21 A= SEEFO HE

ct. Helet 259 Helo E SEE 3= € 38

8 4.22% 4.2382 el BH0A =E=E BXEQ Hel E2e 25 el
SATO AJIE LBt Z2S0ICH. & Hele <&F 1.5mUM JM&#EEJ[AD 1 2
=XE BXHO Hels o 2-6on EO QRE 2D UM S )= o
0.2cm & X 8%JF SHEUC.
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O 4.22 Helol e H=e SFE J4(1.5m)

Landrmark Info XZ Info Y& Info
SR EHMNx 1 4
ZAE HE 2 =l e
M : 266 0 : 5.398677 0 :9.056027
Y . 149 1 :5.398677 1:-7.680902
2 :-5.895181 2 1 -7.680902
M : 260 3 :-5.895181 3 :9.056028
Yor 3y
HEORE 21A HEOI 27
M : 379 0 : 0.144497 0:0.243703
¥ 317 1:0.143836 1 : -0.205266
2 1 -0.154469 2 -0.201759
o : 379 3 :-0.157154 3 : 0.242587
Y1149
=k IT|(JHR) ¢ 0.301651 Hak 3T (HE) @ 0.448068
depth A H 2N(I=) : 0.301735 SH ZHZ) : 0.449024
0 : 1529(mm)
1 : 1522{mm)
2 1 1496(mm)
3 : 1522(mm)

O 4.23 Aelol E EEE Z=2(1.5m)

8 4.242 4.25= =& el 3n0lA & Z[AD O 20 SHE BXES
0

Hele & 3bem EE2 2XUE 21 JALH SEES FJ|
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8 4.24 Helol

Landmark Info XZ Info Y= Info
LA EM 4
ZAE TR s R
X : 286 0:3.405247 0 :4.606328
o2 104 1:3.403247 1:-3.707908
2 1 -2.204904 2 :-3.707908
¥ : 286 3 :-2.204904 3 : 4.606328
N2
HEOFI #F cHEOIE 217
1342 0:0.182019 0 : 0.246461
Yoo 1:0.180472 1 :-0.196556
2 -0.116776 2 :-0.196556
1342 3 :-0.117777 3 : 0.296461
Wo: 104
=& F(M2) : 0.209796 S 3IN(HZE) : 0.443017
depth AH 3(IHE) : 0.299805 SH 3I(HE) : 0.443782
0 : 3059(mm)
1 : 3033(mm)
2 : 3033(mm)
3 : 3059(mm)

8 4.260 4.272 20 HE =& 24 UEY 28500 53 JHelse S
8o SHLZRH of 2nliA SEotAO. 1 20 SEZ2 BXE Hel2l it
OO UA =T+, L8t &0 HIFHX= SEE2 Jt2 IJl= 3em LA 2ot
ACH otXgr 222ICIet HelE olEst SEE2 &M AJl= 0.4cm8l At &
M SHACH
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Landmark Info X= Info ¥Z= Info
EAEHM 1 4
SAE TR ZhLE Pl
. 282 0 : 3.804749 0 : 6.197653
Y178 1 :3.804730 1 :-6.395947
2 1 -3.704907 2 1 -6.395946
. 282 3 : -3.704907 3 : 06.197654
W o: 304
eH E 3 2 7] eHE O3 # &l
[X : 357 0. 0.,132873 0 : 0.216969
o2 304 1:0.132075 1:-0.222623
2 :-0.136435 2 :-0.236187
X235 F 3. -0.137277 2. 0.230218
Y : 178
Z & 3R] - 0.270150 & 3JN(HZ) : 0.439593
depth S 2(7IE) : 0.296716 &l 2IME) : 0.439757
0 : 1998(mm})
1 : 198a{mm)
2 : 2107{mm)
3 : 2120(rmm}
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The Depth data in case of 2 meter. The Depth data in case of 2.5 meter
- T T T T - T

s & ¢ =l : :

ml
=LY AL

Depthi{mm)

g

epth{mm)

ERNE

2010
2510
A S (A (S | A S (A (S |
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