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The Mathematical Model
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The Bundle Adjustment

All connections between
object poinfs and image
space measurements form
a bundle of light rays,
the origin of the term
"Bundle Adjustment”.




jigsaw ~@prog6>

FROMLIsT

Jigsaw Interface E

OBSERVATIONS I~ Keep instances of the same observation in different Cube files the Same
RADIUS 7 Solve for local radij of points
UPDATE I” Update Cube labe|
' CholMog (SPARSE)
METHop " Specialk (dense) (SPECIALK)
" Sparse Matrix solyer (OLDSPARSE)
ERRORPROPAGATION I~ Compute variance-covariance Mmatrix
OUTLIER_R EJECTION = Auto~rejection of outliers
REJECTION_MULTIPLIER 3.0

Maximum Likelihooq Estimation—___

od €stimation (NONE)

Convergence Criterig —

SIGMA0
MAXITS

Camera Pointing Options —
CKDEGREE
SOLVEDEGREE 2
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File Options View Help

Files

FROMLIST I . “

HELDLIST none l

-« FROMLIST

ONET

—_— = — S S ——
= —

OBSERAIOS [~ Keep instances of the same observatin in diffcls the same / ® a s C i i l i S .I- O F i m a g e s i n 'l. h e CO n 'I- ro l

RADIUS I~ Solve for local radii of points
UPDATE ™ Update cube label

network.

METHOD ¢ SpecialK (dense) (SPECIALK)
¢ Sparse matrix solver (OLDSPARSE)

ERRORPROPAGATION [~ Compute variance-covariance matrix . H E LD L I S I

OUTLIER_REJECTION |~ Auto-rejection of outliers

REECTION_MULTIPLIER [0 i - : o
Maximum Likelihood Estimation ® ASCII l 1S 1' @) F Iima g es FO T \"\V h IC h

¢ None: no tier one maximumlikelihood estimation (NONE)

MODEL1 ¢~ Huber: aproximates the L2 norm near 0, and the L1 norm therafter. Has

e Mo, apresates th s 0 s th L1 her posifion & poinfing param eters are
MAX_MODELL C QUANTILE [o5

& None: no tier two maximumlikelihood estimation (NONE) f b h l d ﬁ d
¢ Huber: aproximates the L2 norm near 0, and the L1 norm therafter. Has O e e x e °

¢ Huber Modified: approximates the L2 norm near 0 and the L1 norm there

¢ Welsch: aprroximates the L2 norm near 0, but then decays exponentially |
¢ Chen: a highly aggresive method that intentionally removes the largest | . C N | I
MAX_MODEL2 C_QUANTILE |

& None: no tier three maximumilikelihood estimation (NONE)

¢ Huber: aproximates the L2 norm near 0, and the L1 norm therafter. Has ® I n P ' l f CO n f ro l n ef WO r k
°

¢ Huber Modified: approximates the L2 norm near 0 and the L1 norm there

¢ Welsch: aprroximates the L2 norm near 0, but then decays exponentially

¢ Chen: a highly aggresive method that intentionally removes the largest | . O N | I
MAX_MODEL3_C_QUANTILE |

Convergence Criteria

o — e Output control network.

MAXITS |50
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NGER AR IEORORON = =il Y4

FROMLIST

Solve Options
e e OBSERVATIONS (Observation Mode)

Solve Options

. o . o o o 1\ o '
OBSERVATIONS I~ K t f th bservat different cube files th | b <|-
RADIUS o 'l: ® All lmages W'fh'ﬂ an O serva |On

I~ Solve for local radii of points

UPDATE ™ Update cube label

, have the same position & pointing.

METHOD ¢ SpecialK (dense) (SPECIALK)
¢ Sparse matrix solver (OLDSPARSE)

ERRORPROPAGATION |~ Compute variance-covariance matrix | ® | xa m le PY LR O N AC L /R
OUTLIER_REJECTION |~ Auto-rejection of outliers P L4
REJECTION_MULTIPLIER
MODEL1 ¢~ Huber: aproximates the L2 norm near 0, and the L1 norm therafter. Has

¢ Huber Modified: approximates the L2 norm near 0 and the L1 norm there . DAT E
MAX _MODEL1I C QUANTILE | U

& None: no tier two maximumlikelihood estimation (NONE)

¢ Huber: aproximates the L2 norm near 0, and the L1 norm therafter. Has
¢ Huber Modified: approximates the L2 norm near 0 and the L1 norm there . M E I H O D

¢ Welsch: aprroximates the L2 norm near 0, but then decays exponentially

D e —

¢ None: no tier one maximumlikelihood estimation (NONE)

¢ Chen: a highly aggresive method that intentionally removes the largest |

S —  * CholMod (default)

& None: no tier three maximumilikelihood estimation (NONE)

¢ Huber: aproximates the L2 norm near 0, and the L1 norm therafter. Has

¢ Huber Modified: approximates the L2 norm near 0 and the L1 norm there . S ~ l K
¢ Welsch: aprroximates the L2 norm near 0, but then decays exponentially P e C | a

¢ Chen: a highly aggresive method that intentionally removes the largest |

MAX_MODEL3_C_QUANTILE | O L D P R E
Convergence Criteria——— S ‘ ‘ S
SIGMAO 1.0e—10

MAXITS |50
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legglrvolgzmze

FROMLIST

HELDLIST none
CNET |

Solve Options
OBSERVATIONS I~ Keep instances of the same observation in different cube files the same
RADIUS I~ Solve for local radii of points
UPDATE ™ Update cube label
¢ CholMod (SPARSE)
METHOD ¢ SpecialK (dense) (SPECIALK)
¢ Sparse matrix solver (OLDSPARSE)
ERRORPROPAGATION [~ Compute variance-covariance matrix
OUTLIER_REJECTION |~ Auto-rejection of outliers
REJECTION_MULTIPLIER

D e —

& None: no tier one maximumlikelihood estimation (NONE)
MODEL1 ¢~ Huber: aproximates the L2 norm near 0, and the L1 norm therafter. Has
¢ Huber Modified: approximates the L2 norm near 0 and the L1 norm there
MAX_MODELL C QUANTILE [o5
& None: no tier two maximumlikelihood estimation (NONE)
¢ Huber: aproximates the L2 norm near 0, and the L1 norm therafter. Has
¢ Huber Modified: approximates the L2 norm near 0 and the L1 norm there
¢ Welsch: aprroximates the L2 norm near 0, but then decays exponentially
¢ Chen: a highly aggresive method that intentionally removes the largest |
MAX_MODEL2 C QUANTILE fos
& None: no tier three maximumlikelihood estimation (NONE)
¢ Huber: aproximates the L2 norm near 0, and the L1 norm therafter. Has
¢ Huber Modified: approximates the L2 norm near 0 and the L1 norm there
¢ Welsch: aprroximates the L2 norm near 0, but then decays exponentially

¢ Chen: a highly aggresive method that intentionally removes the largest |
MAX_MODEL3_C_QUANTILE |

Convergence Criteria

SIGMAOQ 1.0e—10

MAXITS |50

Solve Options

e ERRORPROPAGATION

e Generation of parameter
uncertainties.

e OUTLIER REJECTION

e Automated rejection of outliers
e REJECTION_MULTIPLIER
e METHOD

e CholMod (default)

e SpecialK

e OLDSPARSE
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=== Maximum Likelihood

FROMLIST

HELDLIST none
CNET |

 — Estimation

Solve Options

OBSERVATIONS I~ Keep instances of the same observation in different cube files the same
RADIUS I~ Solve for local radii of points
UPDATE I~ Update cube label
¢ CholMod (SPARSE)
METHOD ¢ SpecialK (dense) (SPECIALK)
¢ Sparse matrix solver (OLDSPARSE)
ERRORPROPAGATION [~ Compute variance-covariance matrix
OUTLIER_REJECTION |~ Auto-rejection of outliers

P - N ot P— —

REJECTION_MULTIPLIER |3.0 - - _

Maximum Likelihood Estimation

¢ None: no tier one maximumlikelihood estimation (NONE)

MODEL1 ¢~ Huber: aproximates the L2 norm near 0, and the L1 norm therafter. Has

¢ Huber Modified: approximates the L2 norm near 0 and the L1 norm there

MAX_MODELL_C_QUANTILE | 1"
I

|

¢ None: no tier two maximumlikelihood estimation (NONE)

¢ Huber: aproximates the L2 norm near 0, and the L1 norm therafter. Has [
|
MODEL2 ¢ Huber Modified: approximates the L2 norm near 0 and the L1 norm there §
¢ Welsch: aprroximates the L2 normnear 0, but then decays exponentially | h,

¢ Chen: a highly aggresive method that intentionally removes the largest |
MAX_MODEL2 C QUANTILE fos W
¢ None: no tier three maximumliikelihood estimation (NONE) [
¢ Huber: aproximates the L2 norm near 0, and the L1 norm therafter. Has '
MODEL3 ¢ Huber Modified: approximates the L2 norm near 0 and the L1 norm there '
sonentially '1

1y

MAX_MODEL3_C_QUANTILE

SIGMAOQ 1.0e—10
MAXITS 50
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NGER AR IEORORON = =il Y4

=== Convergence Criteria

HELDLIST [none
cNetr [
oner [~~~ ® SIGMAO

Solve Options
[ ]
OBSERVATIONS I~ Keep instances of the same observation in different cube files the same ® < O n V e r e n C e O CC u rs W h e n C h a n e | n
RADIUS I~ Solve for local radii of points g g
UPDATE ™ Update cube label X 3 : 3 3 -
* Cholod (sPARSe) SigmaO In successive Iterations IS
METHOD ¢ SpecialK (dense) (SPECIALK) g
¢ Sparse matrix solver (OLDSPARSE)

ERRORPROPAGATION [~ Compute variance-covariance matrix l e s s O r e q u a l 1-0 .I- h i S va l u e o

OUTLIER_REJECTION |~ Auto-rejection of outliers

REJECTION_MULTIPLER [30 ; :
 Seffing to a larger value results in

¢ None: no tier one maximumlikelihood estimation (NONE)

MODEL1 ¢~ Huber: aproximates the L2 norm near 0, and the L1 norm therafter. Has

[ ] [}
¢ Huber Modified: approximates the L2 norm near 0 and the L1 norm there Fe We r l .I.e ra.l. I O n s °
MAX_MODEL1 C QUANTILE |

¢ None: no tier two maximumlikelihood estimation (NONE)
¢ Huber: aproximates the L2 norm near 0, and the L1 norm therafter. Has ‘ MA XI I S
¢ Huber Modified: approximates the L2 norm near 0 and the L1 norm there

¢ Welsch: aprroximates the L2 norm near 0, but then decays exponentially

¢ Chen: a highly aggresive method that intentionally removes the largest | | ® Adj u s -I- m e n -I- S -I-O P S (re g a rd l e S s O F

MAX_MODEL2_C_QUANTILE |

& None: no tier three maximumlikelihood estimation (NONE) o

¢ Huber: aproximates the L2 norm near 0, and the L1 norm therafter. Has C O n V e r g e n C e ) u P O n r e a C h | n g
¢ Huber Modified: approximates the L2 norm near 0 and the L1 norm there

¢ Welsch: aprroximates the L2 norm near 0, but then decays exponentially

° ) °
¢ Chen: a highly aggresive method that intentionally removes the largest | | I I a x l | I l u | I l l fe raf | O n S.

MAX_MODEL3_C_QUANTILE

Convergence Criteria

SIGMAO [1.0e-10 N
MAXITS [50

)




Camera Pointing Options

\
CKDEGREE 2

SOLVEDEGREE I ‘

¢ Don't solve for any camera pointing factors (NONE)

@ Solve for camera angles: right ascension, declination and optionally
twist (ANGLES)

e ¢ Solve for camera angles AND their angular velocities (VELOCITIES)

¢ Solve for camera angles, their angular velocities and accelerations (ACCELERATIONS)
¢ Solve for all coefficients in the polynomials fit to the camera angles. (ALL)

v Solve for twist

- > = _ —_—_

— = = J—

« Don't solve for any spacecraft position parameters (NONE)
¢ Solve for the spacecraft positions (POSITION)
SPSOLVE B N
¢ Solve for the spacecraft positions and velocities (VELOCITIES)

¢ Solve for the spacecraft positions, velocities, and accelerations (ACCELERATIONS)

Parameter Uncertainties

POINT_LATITUDE_SIGMA [pore
POINT_LONGITUDE_SIGMA [pore
POINT_RADIUS_SIGMA [nore
SPACECRAFT_POSITION_SIGMA [nore
SPACECRAFT VELOCITY_SIGMA [nore
SPACECRAFT_ACCELERATION_SIGMA  [rone
CAMERA_ANGLES_SIGMA [nore
CAMERA_ANGULAR VELOCITY SIGMA  [rone
CAMERA_ANGULAR_ACCELERATION_SIGMA [none

Output Options
FILE PREFIX  [nore
BUNDLEOUT_TXT [ Standard bundle output file - bundleout.txt
OUTPUT_CSV v Outputs point and image data (body-fixed) to csv file - bundleout_points.csv

RESIDUALS_CSV v Outputs image coordinate residuals to csv file - residuals.csv

Camera Pointing
Options

e CKDEGREE

e Degree of polynomial for
computation of initial values (time-
dependent sensors, e.g. line scan).



Camera Pointing Options

\
| CKDEGREE 2

[ ] [
SOLVEDEGREE I ‘
¢ Don't solve for any camera pointing factors (NONE)

@ Solve for camera angles: right ascension, declination and optionally
twist (ANGLES)

e ¢ Solve for camera angles AND their angular velocities (VELOCITIES)

¢ Solve for camera angles, their angular velocities and accelerations (ACCELERATIONS)

[
¢ Solve for all coefficients in the polynomials fit to the camera angles. (ALL)
v Solve for twist

— = =
- - p— - — =

« Don't solve for any spacecraft position parameters (NONE) . 5 O LV ED E G R E E

¢ Solve for the spacecraft positions (POSITION)
SPSOLVE B N
¢ Solve for the spacecraft positions and velocities (VELOCITIES) ’

[ )
¢ Solve for the spacecraft positions, velocities, and accelerations (ACCELERATIONS) . D e g r e e O F P O l y n O m l a l l n

Parameter Uncertainties

POINT_LATITUDE_SIGMA [pore o
POINT_LONGITUDE_SIGMA [pore a dJ U S -l- m e n .l'o
POINT_RADIUS_SIGMA [nore
SPACECRAFT_POSITION_SIGMA [nore .
B e — e e.g., degree of 2 = solving for 3
SPACECRAFT_ACCELERATION_SIGMA  [rone
CAMERA_ANGLES_SIGMA [nore

CAMERA_ANGULAR VELOCITY SIGMA  [rone £ o
CAMERA_ANGULAR_ACCELERATION_SIGMA [none P O l y n O m l a l COeFﬁ C l e n .I.So

Output Options
FILE_PREFIX lnonei ® a'l' 2 + b 'I' + C ° W h e re
BUNDLEOUT_TXT [ Standard bundle output file - bundleout.txt /
OUTPUT_CSV v Outputs point and image data (body-fixed) to csv file - bundleout_points.csv

RESIDUALS_CSV v Outputs image coordinate residuals to csv file - residuals.csv

* = fime

e a = angular acceleration
* b = angular velocity
e c = angle




Camera Pointing Options

\
CKDEGREE 2

SOLVEDEGREE I ‘

¢ Don't solve for any camera pointing factors (NONE)

@ Solve for camera angles: right ascension, declination and optionally
twist (ANGLES)

e ¢ Solve for camera angles AND their angular velocities (VELOCITIES)

¢ Solve for camera angles, their angular velocities and accelerations (ACCELERATIONS)
¢ Solve for all coefficients in the polynomials fit to the camera angles. (ALL)

v Solve for twist

- > = _ —_—_

— = = J—

« Don't solve for any spacecraft position parameters (NONE)
¢ Solve for the spacecraft positions (POSITION)
SPSOLVE B N
¢ Solve for the spacecraft positions and velocities (VELOCITIES)

¢ Solve for the spacecraft positions, velocities, and accelerations (ACCELERATIONS)

Parameter Uncertainties

POINT_LATITUDE_SIGMA [pore
POINT_LONGITUDE_SIGMA [pore
POINT_RADIUS_SIGMA [nore
SPACECRAFT_POSITION_SIGMA [nore
SPACECRAFT VELOCITY_SIGMA [nore
SPACECRAFT_ACCELERATION_SIGMA  [rone
CAMERA_ANGLES_SIGMA [nore
CAMERA_ANGULAR VELOCITY SIGMA  [rone
CAMERA_ANGULAR_ACCELERATION_SIGMA [none

Output Options
FILE PREFIX  [nore
BUNDLEOUT_TXT [ Standard bundle output file - bundleout.txt
OUTPUT_CSV v Outputs point and image data (body-fixed) to csv file - bundleout_points.csv

RESIDUALS_CSV v Outputs image coordinate residuals to csv file - residuals.csv

Camera Pointing
Options

* CAMSOLVE

e Selection of angular parameters
the adjustment.

e TWIST

N



Camera Pointing Options

CKDEGREE I
SOLVEDEGREE I

¢ Don't solve for any camera pointing factors (NONE)

@ Solve for camera angles: right ascension, declination and optionally
twist (ANGLES)

e ¢ Solve for camera angles AND their angular velocities (VELOCITIES)
¢ Solve for camera angles, their angular velocities and accelerations (ACCELERATIONS)
¢ Solve for all coefficients in the polynomials fit to the camera angles. (ALL)

. IV. Solve for twist

Don't solve for any spacecraft position parameters (NONE)

Solve for the spacecraft positions (POSITION)

¥ spsoLve

Solve for the spacecraft positions and velocities (VELOCITIES)

Solve for the spacecraft positions, velocities, and accelerations (ACCELERATIONS)

e Nt

POINT_LATITUDE_SIGMA [pore
POINT_LONGITUDE_SIGMA [pore
POINT_RADIUS_SIGMA [nore
SPACECRAFT_POSITION_SIGMA [nore
SPACECRAFT VELOCITY_SIGMA [nore
SPACECRAFT_ACCELERATION_SIGMA  [rone
CAMERA_ANGLES_SIGMA [nore
CAMERA_ANGULAR VELOCITY SIGMA  [rone
CAMERA_ANGULAR_ACCELERATION_SIGMA [none

Output Options

FILE_PREFIX none

BUNDLEOUT_TXT [ Standard bundle output file - bundleout.txt
OUTPUT_CSV v Outputs point and image data (body-fixed) to csv file - bundleout_points.csv

RESIDUALS_CSV v Outputs image coordinate residuals to csv file - residuals.csv

Spacecraft
Options

* SPSOLVE

e Selection of spacecraft position
parameters in the adjustment.

* NOTE:capability to solve for
coefficients of higher degree
polynomials (as with pointing) is
coming soon.



Camera Pointing Options

CKDEGREE I
SOLVEDEGREE I

¢ Don't solve for any camera pointing factors (NONE)
@ Solve for camera angles: right ascension, declination and optionally
twist (ANGLES)

e ¢ Solve for camera angles AND their angular velocities (VELOCITIES)

¢ Solve for camera angles, their angular velocities and accelerations (ACCELERATIONS)

¢ Solve for all coefficients in the polynomials fit to the camera angles. (ALL)

v Solve for twist

Spacecraft Options

« Don't solve for any spacecraft position parameters (NONE)

¢ Solve for the spacecraft positions (POSITION)

SPSOLVE B N
¢ Solve for the spacecraft positions and velocities (VELOCITIES)

Parameter Uncertainties

|none
none ‘

__ — = —— e —————— —

POINT_LATITUDE_SIGMA

POINT_LONGITUDE_SIGMA
POINT_RADIUS_SIGMA [nore
SPACECRAFT_POSITION_SIGMA [nore
SPACECRAFT VELOCITY_SIGMA [nore

SPACECRAFT_ACCELERATION_SIGMA  [none
CAMERA_ANGLES_SIGMA [nore
CAMERA_ANGULAR VELOCITY SIGMA  [rone
CAMERA_ANGULAR_ACCELERATION_SIGMA [none

——

N— = = - — : — p— T

= — _

FILE_PREFIX none

BUNDLEOUT_TXT [ Standard bundle output file - bundleout.txt

OUTPUT_CSV v Outputs point and image data (body-fixed) to csv file - bundleout_points.csv

RESIDUALS_CSV v Outputs image coordinate residuals to csv file - residuals.csv

4

) (RGE | [ jigsaw

=USGS

cience for a changing world|

Global Parameter
Uncertainties

e Parameter weights

e Global ‘a priori® uncertainties for
ground point coordinates, position, &
pointing parameters.

in the

adjustment are computed from

uncertainties.

e Point sigmas in control
take precedence.

network



Camera Pointing Options

CKDEGREE I

[
SOLVEDEGREE I
¢ Don't solve for any camera pointing factors (NONE)

@ Solve for camera angles: right ascension, declination and optionally
twist (ANGLES)

e ¢ Solve for camera angles AND their angular velocities (VELOCITIES)

¢ Solve for camera angles, their angular velocities and accelerations (ACCELERATIONS) ® F I L E pR E F I X
¢ Solve for all coefficients in the polynomials fit to the camera angles. (ALL)

v Solve for twist

Spacecraft Options ——— Y B ' ' ND L E O l 'T T XT
« Don't solve for any spacecraft position parameters (NONE) " it

¢ Solve for the spacecraft positions (POSITION)

SPSOLVE B N
¢ Solve for the spacecraft positions and velocities (VELOCITIES)

¢ Solve for the spacecraft positions, velocities, and accelerations (ACCELERATIONS) o S 'I'a n d a r d r e P O r .', W b u n d I e O u 'I'. 1_ x _I_ {4

Parameter Uncertainties

[}
POINT_LATITUDE_SIGMA none C O n 'I'a | n S
POINT_LONGITUDE_SIGMA [none b
POINT RADIUS_SIGMA [none

e, E— e adjusted parameters
SPACECRAFT_ACCELERATION_SIGMA  [rone
CAMERA_ANGLES_SIGMA [nore . o .
CAMERA_ANGULAR VELOCITY SIGMA  [rone ® adJ us'l'ed P aram e'l-er u n Cer.I'C“ n.I- l es

CAMERA _ANGULAR_ACCELERATION_SIGMA  |none _ _

= = _—— e e
= N

(if error propagation is on)

BUNDLEOUT_TXT [ Standard bundle output file - bundleout.txt

[ ] [ ]
OUTPUT_CSV v Outputs point and image data (body-fixed) to csv file - bundleout_points.csv . S 'ra'l' l s 'r | C S
RESIDUALS_CSV v Outputs image coordinate residuals to csv file - residuals.csv i
e OUTPUT_CSV
"bundleout_im p
* bundleout_images.csv

e "bundleout_points.csv”

=USGS

cience for a changing world|



Camera Pointing Options

CKDEGREE I
SOLVEDEGREE I

¢ Don't solve for any camera pointing factors (NONE)

@ Solve for camera angles: right ascension, declination and optionally
twist (ANGLES)

e ¢ Solve for camera angles AND their angular velocities (VELOCITIES)
¢ Solve for camera angles, their angular velocities and accelerations (ACCELERATIONS)
¢ Solve for all coefficients in the polynomials fit to the camera angles. (ALL)

v Solve for twist

Spacecraft Options

« Don't solve for any spacecraft position parameters (NONE)
¢ Solve for the spacecraft positions (POSITION)
SPSOLVE B N
¢ Solve for the spacecraft positions and velocities (VELOCITIES)

¢ Solve for the spacecraft positions, velocities, and accelerations (ACCELERATIONS)

Parameter Uncertainties

POINT_LATITUDE_SIGMA [none

POINT_LONGITUDE_SIGMA [pore
POINT_RADIUS_SIGMA [nore
SPACECRAFT_POSITION_SIGMA [nore
SPACECRAFT VELOCITY_SIGMA [nore
SPACECRAFT_ACCELERATION_SIGMA  [rone
CAMERA_ANGLES_SIGMA [nore
CAMERA_ANGULAR VELOCITY SIGMA  [rone

CAMERA _ANGULAR_ACCELERATION_SIGMA  |none

a — ~ — _ = —

Output Options

FILE PREFIX  [nore
BUNDLEOUT_TXT [ Standard bundle output file - bundleout.txt

OUTPUT_CSV v Outputs point and image data (body-fixed) to csv file - bundleout_points.csv

RESIDUALS_CSV v Outputs image coordinate residuals to csv file - residuals.csv

_—— —_———— | = —————
N

|

|
|

Output Opftions

e RESIDUALS_CSV
* "residuals_images.csv”
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Examining the Resulfs

Things to look for..

e SigmaO: ideally close to 1.0.

e Examine measure residuals
for outliers.

e Unreasonably high adjusted
parameter uncerftainties.

*Magnitude of the
corrections to weighted
parameters.

Potential problems to consider...

* Poor a priori parameter values
- Bad SPICE? Problem DEM?

» Measurement errors - Wrong
feature? Wrong point label?

e Improperly weighted point
coordinates?
 Weak image geometry?

e Number and geometry of
image measurements for a
ground point

e Camera model problem?



