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CE 59700: Digital Photogrammetric Systems

Lab2: Single Photo Resection




Objectives

 Determine the Exterior Orientation Parameters (EOP) of a

single photo using least squares adjustment procedure.




G1ven

Eighteen 1images of a calibration test field

_ Pixel size: 0.00364mm @




G1ven

Necessary parameters for datum definition

‘“ o - - Green: fixX,Y,Z
4 - Blue:fixY,Z
i Yellow: fix Z

Fixed coordinates are shown.

Some distances have been also measured. .
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Gi1ven

Image coordinates of the calibration targets as
measured/provided in Lab 1 for images

65 09 20180803.jpg, 65 10 20180803.jpg,

65 14 20180803.jpg, and 65 18 20180803.jpg;

Estimated IOP from lab # 1 (principal point coordinates,
principal distance, and lens distortion parameters); and

Estimated ground coordinates of the different targets in the
calibration test field.




CE59700

Single Photo Resection (SPR)

The objective of single photo resection 1s to determine the position of
the perspective center and the orientation of the image coordinate
system (i.e., the EOP for a given image) relative to the ground
coordinate system.

position & orientation
perspective center relative to the ground
coordinate system?

terrain

Ayman F. Habib



Stepl: Math. Model (Collinearity Equations)

rll(X_Xo)+r21(Y_Yo)+r31(Z_Zo)
hy (X=X )+r, - (Y =Y)+r;-(£-2,)

: N .
+dist, = x, —c —=+dist,
D

VIZ '(X_Xo)+r22 (Y_Yo)+r32 (Z_Zo)
B (X =X )+r; (Y =Y)+r,-(Z-Z2,)

. N,
+dist, =y, —c E-i—dlsty
N, =n (X =X,)+nr - Y=Y,)+r(Z-Z2,)

N, =ry (X =X, )41y Y =Y,)+r (Z-Z,)

D=r; (X=X,)+ry - Y=-Y,)+r3-(Z-2,)

What are the known and
unknown quantities?

!

Known/Observed Quantities:
1. image measurements
2. interior orientation parameters

3. ground coordinates of control points

|
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Unknown Quantities:

1.position of perspective center

2.orientation of image coordinate system

Ayman F. Habib J



Step2: Linearization of Collinearity Equations

To implement a least square adjustment procedure|

(X=X)+n, - Y-Y)+nr,(Z-Z
x:xp_crll ( o) r21 ( 0) 7/31 ( n) +dl-Sl,X:xp_c Nx +dlStx
hy (X =X,)+n;-(Y=Y)+nr,(£-Z2,)

(X =X)+r, - Y=Y)+n, (Z-Z N ﬂ
y:yp _crl2 ( o) ”'22 ( o) ’/'32 ( 0)+disty — yp —c —y+dlSl‘y . . .
Py (X=X )4+ry - (Y=Y)+r,(Z—-2,) D Linearization

N, =n (X=X, )+ -Y-Y,)+r-(Z-2,)

N, =ry (X =X, )41y Y =Y,)+r (Z-Z,) | |

D=r; (X=X,)+ry - Y=-Y,)+r3-(Z-2,)

Non linear model with respect to
the unknown parameters

Taylor’s theorem




Step2: Linearization of Collinearity Equations

CE59700

_ _Cf’il‘(X_X0)+r21'(Y_K))+I"31'(Z_ZO)

) +dist, =x —
hy (X=X )+n,-(Y=Y)+r,(Z£-Z2,)

p

hy (X=X )41, Y =Y)+n,-(£-Z,)

. Ny .
+dist, =y, —c 3+dzsty

y=y,-¢
Loy (X=X )+ (Y=Y )+, (Z-Z,)

@ Linearization

x=x0+(adeX (axjdy (axjdz (axjda) (axjcm( jd/(
X, ) 3, ) oz, ) dw 99 ) oK

o o o

y=y,+ P dx, + . dy, + A dz, + [adew Y d¢+(ayjd1c
ox, ). oY, ). oz, ) dw Y K

o o o

1. xo and yo are the evaluated x and y image coordinates using the initial approximations of

the unknowns parameters.

d Ix
2. ( 5 ; ] g J . etc., are the partial derivatives of x and y with respect to the unknowns

aY,
evaluate

at the initial approximations of these parameters.

3. dX,.dY, etc., are the unknown corrections to be applied to the initial approximations.

Ayman F. Habib
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Step3: Initialization of EOPs

Use the sketch in lab # 1 (the one showing the
approximate location and orientation of the
different images relative to the calibration test
field coordinate system) to come up with
approximations for the EOP of the different
1mages.

Ayman F. Habib



Step4: Least Squares Adjustment Procedure

CE59700

a, = ox as = i a, = a—x as = i ag =
o) \ay, ) 0 oz, )t \aw), Y Lae), "
00 PR 2 P ,bﬁ(a_yj b= ,bﬁz(
X, ), ar,) " \az, ), dw),” 39,

x=x,=a,dX, +a,dY +a,dZ +a,dw+a,d¢p+a, dk

y=y,=bdX, +b,dY +b,dZ, +b,dw+b; dp+b, dk

(5.

dy

oK

)

X

nl2"

_yn/Z_yn/ZDJ
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Step4: Least Squares Adjustment Procedure
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Startmg from initial values for the 6 exterior parameters;
while(1)
prepare Y and A matrices using initial values;
solve for X_hat using the Y and A matrices;

update initial values using X_hat;

¥ interaction > 100) or (|X_hat| < 1.0e-12)

stop iteration;

end

end

compute final values for the exterior orientation parameters;

compute the variance component;

compute the variance-covariance matrix of the estimated
unknowns;

« compute the residuals of image coordinate measurements;

12
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Deliverables and Report Preparation

Your lab report should include the following for images (65_09_20180803.jpg,
65_10_20180803.jpg, 65_14_20180803.jpg, and 65_18_20180803.jpg):

* Measured image coordinates and the approximations of the unknown EOP

*The modified Exterior Orientation Parameters after each iteration

*The final adjusted values of the Exterior Orientation Parameters + standard deviations
* Comparison with the BASC-based EOP for those images

* An estimate of the variance component

* The a-posteriori variance-covariance (dispersion) matrix of the parameters

*The residuals associated with the image coordinate measurements

* Explanation of your results and any problems encountered

* Computer code for the SPR procedure




Deliverables and Report Preparation

* Notes:
— Units should be explicitly specified,
— Number of significant digits should be considered, and
— Sufficient narrative analysis of the results.




