Development of 3-Dimensional Position Estimation Method from Video Image

By
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Abstract

National Maritime Research Institute(at that time, Ship Research Institute) carried out cooperative research on the
examination study of a launching Free Fall Life Boat(abbreviated expression 'FFLB' is used in this paper) into waves
with the U.S. Clemson University in 1998 fiscal year. A used water tank was 50m long,8m wide and 4.5m deep with the wave
generator, which is belonged to the Ship Dynamics Division, and free fall tests were carried out in the wave of the height
0.3m by using the wave generator with changing position relations with the wave at the entry into the water. National
Maritime Research Institute took charge of movement measurement by video cameras. Pictures of the pattern in the free fall
were took from 2 direction by using two video cameras, and the pictures were recorded. It is so difficult to determine the
position, posture and magnification of video cameras precisely, that the method for estimation of those values were
developed in this research.

In this paper the method was explained in detail, and the effectiveness of the method are pointed out by an example and
the estimation of 3-dimensional positions of FFLB from 2-dimensional video image.
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Exp.No.33 P1 2D-Trajectory(X-Z) A Camera Exp.No0.33 P1 2D-Trajectory(X-Z) B Camera
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Exp.No.34 P1 2D-Trajectory(X-Z) A Camera Exp.No.34 P1 2D-Trajectory(X-Z) B Camera
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Exp.No.35 P1 Trajectory(X-Z) A Camera Exp.No.35 P1 Trajectory(X-Z) B Camera
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Exp.No.36 P1 Trajectory(X-Z) A Camera
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Comparison of Trajectory (P1; 0 deg ; X-Y)
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Comparison of Trajectory (P1; 45deg ; X-Y)

55

Exp.No.27
Exp.No.28
Exp.No.29
Exp.N0.30

Y-Axis
ol

45

0 0.2 04 0.6 0.8
X-Axis

12

14

(a) X-Y

Comparison of Trajectory (P1; 45deg ; Y-Z)

1.6

12 ¢

Z-Axis
-

08

0.6

04

02

Exp.N0.27 ||
Exp.N0.28 ||
-ExpN0.29 [
----- Exp.N0.30 [

Y-Axis

(b) Y-Z

Comparison of Trajectory (P1; 45deg ; X-2)

18 + =

16
14

12

Z-Axis
=

08 [ ExpNo0.27

06 Exp.No.28

04 H.oooeee. Exp.No0.29

02 ----- Exp.No.30
\ \

0 0.2 04 0.6 0.8
X-Axis

14

(c) X-

Fig.18

45deg

27

@n



28

Fig.19

(28)



2 2 (14 ) 29

Fig.20

29



g)

Original values E‘.El:lmatnd. waloes - Estimated 'l'-ill:lﬁ- .
{used data:significant figures are & digits) {used datarend by pinel unit)
Camera A& | Camera B | Camera & |Difference™ Camera B |Diffesence™ Camera A |Dafference™ Camera B |Dafference®
- O (m) LAGDDD | 564000 146738 0.007T3R 564067 (L (N0 | 47584 01584 5.!52-!521 00379
g Oy (m) 9.72000 | 944000 | 9.80246 | O.0B246 | 946842 | 0.02842 | 9.7I062 | 001062 | 948497 | 0.04497
g Oz (m) 124000 1. TR0 179583 AL0dTd |1, 7ETE2 | 005268 1.00:454 e 54 1.83031 LoEsa%]
d ({rad) V) | A4S | A1 ET | 005214 | 246142 | 008136 | -311124 | 007105 | 246362 | 020741
E i (rad) AL 30 | 012600 | J002730 | 0032659 | G012156 | 025430 | 0004020 | 081230 | 013074 | 027181
Ei o (rad) (LOS000D | QU01800 0.0E076 | (04354 0.0Z16 | 020970 007500 | 024637 | 001519 | -0.16077
= B TOOO00 | TISO0 [ TOR IO [ 0T7S% [ TR4E6S | -00I8% | TETIRE | -0331% | TAT055 | 029G%
¥ e | *(Point ) (m) 206250 207081 | 000831 207201 | O.00951
E E vi(Point 4) (m) 575751 STR2M | Q2473 5,7806] 003210
u & o(Point 4 {m) 096875 093837 | -0.03038 100083 | 0.03208
% & [ aiPomt ) (m) 258313 250360 | 001047 250007 | 000674
E -E yiPoant 5) (m) 582252 A.04906 | 003704 586479 | QUD418T
~ T Point 5) (m) 0.70833 (67814 | -0.03019 0.74495 | 003662
Evaluation functian{5] 003211 117805

#o0, O O - Eslzmated valwe - Original YValue {anitm)
B, &, a ! (Esumsied vabes - Original Valuwe)y= 18000 z (umicdegh

B : (BEsimated walue - Criginal valoe)* 10 0Estimaied vabos fundt: %)
a2z Estimated valee - Osiginal Yalue (anitm}

Table | A7 A 349 F=—F f5 L CFEESE GO R TN K URHET

0€
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Significant figures:

Read by pixd unit

6 digits

XGB ZGB XGB ZGB

Point 1 CameraA | 395.631 | 200.165 396 200
CameraB | 148.830 | 211.275 149 211

Poirt 2 CameraA | 334.456 | 204.920 334 205
CameraB | 103.012 | 214.214 103 214

Poirt 3 CameraA | 273.585 | 210.029 274 210
CameraB | 54.7430 | 217.636 55 218

Point 4 CameraA | 168.188 | 328.070 168 328
CameraB | 320.997 | 277.367 321 277

Poirt 5 CameraA | 70.3021 | 387.964 70 388
CameraB | 271.207 | 326.446 271 326

Table 2

31
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Point Sequence 1

Point Sequence 2

Point Sequence 3

Ot A OtoB AtoB OtwA OtoB AtoB OtA OtoB AtoB
o Mean of Difference | 5.356E-03 | 5.506E-03 | 1.485E-03 | 4.425E-03 | 4.428E-03 | 1.262E-03 | 6.214E-03 | 6.490E-03 | 1.583E-03
pt. Standard Deviation | 1.475E-03 | 1.481E-03 | 9.743E-04 | 1.659E-03 | 1.906E-03 | 1.103E-03 | 1.844E-03 | 1.877E-03 | 1.024E-03
No Ot Mean of Difference | 5.146E-02 | 4.932E-02 | 6.261E-03 | 5.535E-02 | 5.436E-02 | 5.314E-03 | 4.611E-02 | 4.359E-02 | 7.226E-03
Pl [Standard Deviation | 4.387E-03 | 9.022E-03 | 4.136E-03 3.264E-03 | 7.196E-03 | 3.735E-03 | 5.049E-03 | 9.940E-03 | 5.047E-03

O to A : Difference between each original point and the corresponding point estimated from the observation simulated data by the camera A
O to B : Difference between each original point and the corresponding point estimated from the observation simulated data by the camera B
A to B : Difference between each estimated point from the observation simulated data by the camera A and the corresponding point by the camera B

Table 3 B F{LIREFHETFEOHE
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Tested boat

ExpNo. | Expld. | (Actual boat Encounter Launching Entr_ance position
Angle(deg) Angle (deg) into wave
length)
27 H623T 6.6m 45 30 Top
28 H623B 6.6m 45 30 Bottom
29 H624T 6.6m 45 40 Top
30 H624B 6.6m 45 40 Bottom
33 H613T 6.6m 0 30 Top
34 H613B 6.6m 0 30 Bottom
35 H614T 6.6m 0 40 Top
36 H614B 6.6m 0 40 Bottom
Table4

33

33)
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Exp.No, 27 28 70 30 33 34 35 6
Encounter angleldeg) | 45 15 45 43 0 0 0 0
Launching angle(deg) 0 an 4 40 30 an i) 40

0Ox 2465 | 2561 | 1956 | 1991 | 3692 | 3511 | 2792 | 2768
Ly 3115 3136 3655 3.7 5676 5306 5752 815
] =47 65 46,07 -47.33 -45.53 -2 845 Q807 -2.354 0643
i 30645 3022 A0 A} 38 J0007 311 4L B2 4].1%

Table 5 F8R L2331 5 EOERAT & o0 B A7 MR HE 00D ST AR o i
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HEHE TEFHERZEMAV-3RTUBEESEZOME RMELX. hEER
- B X W K

\
o]
Q

x yy 2z 10 0 0 0 -Xx -X,y -Xz
0 0 0 0 x, y, 2, 1 =-2Z,x, =2y, -2,z

3»|§»|§»|\.»|g»|g»|
N
>

Z,
‘ _ : +(14)
X, ¥, z, 1 0 0 0 0 -Xx -X,y -X;z X
0 0 0 0 x, y, 2z, 1 -X,x, -X,y, -X,z, | "
k X,
; )
\ A =
k
a
k
£
k
A
\ k)
* p(8)

g =5 {(cosaj cosej —sin a,sing; sinf, Xx,.—j 0;)-*— (cosaj sinej + sinaj sing, cosej Xy,—j 0; )— sina; cos@; (z,.—j 0; )—,X,}

g = Bj{(sinaj cosB, +cosa, sing, sin6, Xx,.-—j 0 )+ (sinaj sin6, — cosa; sing, cos6, Xy,—,o; )+ cosa, cosg, (z,.—j O; )-j.Z,.}

%: B, {(- cos @, sin 6, —sin &, sin ¢, cos 8, Xx,— ;0. )+ (cos &, cos 6, - sin &, sin ¢, sin 8, Xy,—,0, )}
* PO)
gif =B, {sina, cos ¢,sin6,(x,~,0; )+sina,cos ¢, cos 8,(y,~,0, )+sina, sin ¢, (z,—,0; )}
J
gi’; =B {-sine, cosf, —cosa, sing, costXxi—jQ;)+(—sinaj sin6, +cosa, sing, cosd), |, 0} )-cosa, cosd,(z—,0.)}
gij = (cosaj cos@, -sina, sing, costXxi—jO,:)+ (cosa, siné, +sina; sing, costXyi—jo;)— sina; cos¢j(z,.—j0;)—jX,. |
gﬁ: =B, { sino, sin@; +cosa, sing; cos6, Xx,.—jo; )+ (sinaj cosB; +cosq; sing, sinf, Xyi—j 0, )}

g—if—=31{cosaj cos ¢, sian(x,.—jO:)—sinaj cos¢jcosej(y,.—j0;)+sinaj sin¢j(z,.—j0;)}
j

og L Nl L 0 .

a—a’.- =B, {(cosaj cosf; —sin¢, sing; cosf, Xx,.—jOX )+(cosay sinf; +sina; sing; cos6, Xy,.—j 0, )—smaj cosg, (z,.—j 0, )}
J

agz . . - . . . - *

3B =(smajcosej+cosajsmqucoserx,—j0,)+(smajsmej—cosajsmqucosery,—jOy)+cosaj cos¢j(z,.—jO, )—jZ,.

J

BLRRREUVIRFHRE £2% ¥28 (FH145) RS



WEH/E FTEFAE®ZEZRAV-3RTMBHESZOME KMELER. hEBE
- B X @ R

" p(3)

cos;cos 8, —sinc sing,sinf, cosa;sinf;+sina,;sing,cosf;, -—sinex;cosg,; (2)
M (a )M ( )M (6) —cos¢;sinf; cos ¢, cos b, sing;
sina, cosf; +cosa;sing;sinf; sin;sin@,—cosax;sing,cosd; cosx;cosg;

¥ = {( xX=; xXcosa cosf, —sino; sing, sinf ) (y, = O;Xcosaj sinf; +sinc; sin¢jcos91.)- (zi—jO:)sinoe, cos¢j}
a —x, - )cos¢s1n9 +(y,-0; Jeospcosf +(z, - O] Jsing (4)
7 - {( = stma 0SB +coscr jsmd» Sind ) (- O'Xsina Sin@ —coso: sing ,cosd j)+ (z,- joz)cosa jcosp j}

—(x,- )cosq) sinf +(y 0, Jeosg cos +(z,—,0; Jsing

i Jy
p(4)
£ B{(x -,0 Xcosa cosd, —sine, sing, sinf; )+(y 0 Xcosaj sinf, +sina sing, cose (, j ,)sma cos¢j}
e —(x, ij)cos¢jsm9j+(y,. 0; Jeosp, cosB, +(, ’ z)smq) it o (T)
_ B{(x, - O;Xsinaj cosB, +cos; sin¢sin6,.)+(y,.—j0;Xsmaj sin6, —cosajsm¢cos9j) ( Z— ,)cosa cosrp}

j‘f;i « N ) CAYN 1
- (x,. - Ox)cos¢j sin6; +(y,.— jOy)cos¢j cosf, + (z,—,0, )smd)j
.
p(5)
cos @ cos @ —sin Osingsinex —sin @ cos ¢ cos O sin & + sin 6 sin ¢ cos & -+(9)
M,(-0)M,(-¢M,(—a)=|sin@cosa +cos@singsina cos@cos¢ sin6 sin @ —cos 0 sin ¢ cos
—cos ¢ sin @ sin ¢ cos ¢ cos &

a, b, c, cos@,cosa, —sinB,sing,sina, —sinf,cos¢p, cosf, sina, +sinf, sin¢, cosx,
d, e, f,|={sin@,cosax,+cos@, sin¢,sincx, cosf,cos¢, sinb, sina,—cosb, sin¢,ccosa,
g4 hy iA/ —-cos ¢, sina, sin ¢, cos ¢, cos &,
ag by, ¢y cos @, coso, —sin@, sing, sinax, -—sinf,cos¢, cosb,sino, +sinf,sing, cosa,
dy ey fy|=|sin@zcosa,+cosB,sing,sina, cosf,cos@, sinb,sino, —cosysin ¢, cosa,
gs hy iy —cos ¢, sing, sin ¢, COS ¢y COS O,

- -

AYi AX' . Byi BX' N

a, b, ¢, B, ! 40, ag by ¢ B, ' 50: (10)

. . . .
d, e, fil*] W + 40, |=|dy e Sy | B‘Yi +| 40,

* . .
g4 hy iy e Z 40; g hy i B_Y'_Bz' 20,

. . . »

L] L L] Y' *

fi=a,4 WX +b Y +e, A, 2,4,0,—|a, BBYI s X, +by,Y, +CBBB' BZi+BOJrJ

4 4 \ B B an

Y’ . Y, . YS . YS .
fz"’dA"B AXx‘+eAAYi+fAABIAZ+A0y— daBB BXi+eBBYf+fBBB BZi+BOyJ

A A B B
fi=84 ats AXi"'hAAYi"*'iA o, AZ+AO; —| &3 24 an"'haaYa."'ia 2 BZI+BO;'

B, B, By By

p(6)

cos o cos B —sin @ sin ¢sin @ cos asin O + sin o sin ¢ cos @ - sin a cos ¢ a b ¢
M,(a)MX(d))MZ(G): —cos ¢ sin O cos ¢ cos 6 sin ¢ =td e f
sin & cos @ + cos o sin ¢ sin @  sin o sin @ — cos o sin gcos &  cos @ cos ¢ g h i
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