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What is this?
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�

synchronisation error!
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What is this?
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Montion-induced blur.

Tong,W-g., Pei, Y-l., Li,B-s., Xu, R-j., 2011. Blurred Image Processing of Aerial Image Based on

Improved Wiener Filter and Wavelet Transform. Electric Information and Control Engineering

(ICEICE), 2011 International Conference on. Wuhan, China
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What is this?
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Focal-plane shutter effect
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In a number of problems we were missing the camera’s linear & angular 

velocity.

And therefore we can ask ourselves the question: orientation or

orientation++?
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Agenda

1. Sensor state parameters

2. Mathematical structure

3. How to compute them

4. Applications

• image deblurring

• sensor-system synchronization

• focal-plane shutter geometry modeling
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Sensor state parameters

slc = ( pl; vl; °l
c; !

c
lc )

olc = ( pl; °l
c )

_pl = vl; _R(°)lc = R(°)lcÐ(!)clc:
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Mathematical structure of olc

pl 2 <3

SO(3) special orthogonal group of <3

SE(3) special euclidean group of <3

SE(3) = SO(3) o <3

SE(3) is a Lie group under the operator
·

R(°) p

0 1

¸
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Mathematical structure of slc

pl 2 <3

vl 2 <3

SO(3) special orthogonal group of <3

W (3) skew symmetric matrices of <3
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Mathematical structure of slc
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Mathematical structure of slc
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Mathematical structure of slc
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Computation

• from INS/GNSS integration & system calibration

plus two strategies:

- extend the INS differential eq. of motion;

- or correct angular rates with calibration states

• from orientation parameters in time-tagged image

sequences

(tk ¡ tk¡1)Ð
k
k¡1;k = logRk

k¡1

Ð(!)clc = Rc
b Ð(!)blbR

b
c
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Computation

• from orientation parameters in time-tagged

image sequences

(tk ¡ tk¡1)Ð
k
k¡1;k = logRk

k¡1

Ð(!)klk = Rk
k¡1Ð

k¡1
l;k¡1R

k¡1
k + Ðk

k¡1;k
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APPS: motion deblurring

• Blurred and latent images. Blur kernel.

• Deconvolution: integral equation

• blind deconvolution: L, k unknown

• non-blind deconvolution: L unknown

• Blur kernel

B + v = LÐ k

Z Z

k(x; y)dxdy = 1

k(x; y) = P (x; y; e) = f(x + ±x(¿ ); y + ±y(¿)g¿2[¡e=2;e=2]



19

APPS: motion deblurring

• In general, P(x,y,e) is a curve

• It can be approximated by a straight-line

F (sc; x
l; p(t + ¿); Rc

l (°(t + ¿)))

·

x

y

¸

+
@F

@(sc; xl; pl(t); Rc
l (t))

¢
@(sc; x

l; pl(t); Rc
l (t))

@¿
¢ ¿
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APPS: synchronisation



21

synchronisation
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APPS: focal-plane shutter
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Focal-plane shutter model

xl = pl + ¹ ¢Rl
c
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CONCLUSIONS

• (p,v,γ,ω) extend (p,γ) 

• Sensor state parameters (extension of sensor orientation) have a similar 

[group] mathematica structure to orientation

• They can be easily estimated from INS/GNSS

• Also from image sequences (?) ,,,

• We presented ways to use them in

• Motion-based image deblurring

• Sensor-system synchronisation

• Modeling focal-plane shutter geometry

• We still need to unerstand better the mathematical structure of (p,v,γ,ω)


