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Features and Benefits
	 •	 0.6 to 1.7 μm
		  Operating wavelength range

	 •	 Peak QE of > 85%
		  High detector sensitivity	

	 •	 TE cooling to -90°C •1 
		  Negligible dark current without the  
       inconvenience of LN2

	 •	 UltraVac™ •2  
		  Permanent vacuum integrity, critical for 	
		  deep cooling and sensor performance

	 •	 Single window design 
		  Delivers maximum photon throughput

	 •	 25 µm pixel width option 
	 	 Ideal for high-resolution NIR spectroscopy

	 •	 Simple USB 2.0 connection
		  USB plug and play – no controller box.
		  Inputs & Outputs: External Trigger, Fire and 	
		  Shutter TTL readily accessible. I2C for the 	
		  more adventurous user

	 •	 Software selectable output amplifiers 
		  Allows user to optimize operation with 	
		  choice of High Dynamic Range (HDR) or 	
		  High Sensitivity (HS) modes of operation

	 •	 Minimum exposure time of 1.4 µs 
		  Enables higher time-resolution and 		
		  minimization of dark current contribution 	
		  for applications with reasonable signal level

Andor’s iDus InGaAs detector array for Spectroscopy

Andor’s iDus InGaAs 1.7 array detector series provides the most optimized platform for 

Spectroscopy applications up to 1.7 µm. The TE-cooled, in-vacuum sensors reach cooling 

temperatures of -90°C where best Signal-to-Noise ratio can be achieved.

Indeed dark current will improve moderately below -90°C where scene black body radiation 

will dominate, while Quantum Efficiency of the sensor will be greatly impacted at these lower 

temperatures and lead to a lower Signal-to-Noise ratio. 
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Specifications Summary

Active pixels 512 or 1024

Pixel size (W x H) 25 x 500 or 50 x 500 μm

Pixel well depth (typical)

High Dynamic Range mode

High Sensitivity mode

170 Me-

5 Me-

Maximum cooling •1 -90ºC

Maximum spectra per sec 193

Read noise (typical) 580 e-

Dark current (typical) 11.7 ke-/pixel/sec

Minimum exposure time 1.4 µs
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Key Specifications •3

Model number DU490A DU491A DU492A

Sensor options 512 pixels, 25 μm pitch 1024 pixels, 25 μm pitch 512 pixels, 50 μm pitch

Active pixels 512 1024 512

Pixel size 25 x 500 25 x 500 50 x 500

Cooler type DU

Wavelength range 600 nm - 1.7 µm

Minimum exposure time •4 1.4 µs

Minimum temperatures •5

Air cooled	
Coolant chiller, coolant @ 16°C , 0.75l/min	
Coolant chiller, coolant @ 10ºC, 0.75l/min

-70ºC
-85ºC 
-90ºC

Max spectra per second (100 kHz readout) 193 97 193

System window type Single quartz window, uncoated

Digitization 16 bit

Have you found what you are looking for?

Need extended NIR response? The iDus InGaAs 2.2 μm series offer three array formats.

Need to work below 1 µm? The iDus 401 & 420 series offer Deep Depletion NIR optimized sensors.

Need a customized version? Please contact us to discuss our Customer Special Request options.

The iDus InGaAs series combines seamlessly with Andor’s research grade Shamrock Czerny-Turner spectrographs. These 
instruments are available on request with gold or silver coated optics for optimised NIR operations.

Advanced Specifications •3

Dark current ke-/pixel/sec @ max cooling •6 10.1 10.1 18.9

Pixel well depth (Me-) •7

	
High Dynamic Range mode 

High Sensitivity mode
170

5

Read noise (e-) •8

	
High Sensitivity mode 

High Dynamic Range mode
580

8150

Sensitivity (e-/count) 

High Dynamic Range mode
High Sensitivity mode

2800
90

Blemishes •9 0 10 5

Linearity Better than 99%

Insertion delay from external trigger 2.95 µs ± 0.1 µs
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Typical ApplicationTypical Setup

PC
Software CD

Power Supply

InGaAs Detector
Complementary Detector

(e.g. iDus BR-DD)

USB 2.0 Spectrograph

Courtesy of: Dr. Benito Alén, Instituto de Microelectrónica 
de Madrid, Spain.

Conductivity behaviour study 
of Single Semiconductor 
Quantum Wires.
Spectra acquired with an Andor 
InGaAs array detector.
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Creating The Optimum 
Product for You

How to customize the iDus InGaAs 1.7 :

The iDus InGaAs 1.7 comes with 
3 options for sensor types. Please 
select the sensor which best suits 
your needs. 

Step 1.

Please select which software you 
require.

Step 2.

For compatibility, please indicate 
which accessories are required.

Step 3.

example shown

InGaAs mounted on a
Shamrock 163 mm spectrograph, 
ideal combination for NIR 
Photoluminescence Spectroscopy.

490A-DU 1.7

Choose sensor array

490: 25 µm x 250 µm, 512 pixel array
491: 25 µm x 250 µm, 1024 pixel array
492: 50 µm x 250 µm, 512 pixel array

Step 2.

The iDus InGaAs requires at least one of the following software options:

Solis for Spectroscopy A 32-bit application compatible with 32 and 64-bit Windows (XP, Vista 

and 7) offering rich functionality for data acquisition and processing. AndorBasic provides 

macro language control of data acquisition, processing, display and export. Control of Andor 

Shamrock spectrographs and a very wide range of 3rd party spectrographs is also available, see 

list below.

Andor SDK A software development kit that allows you to control the Andor range of cameras 

from your own application. Available as 32 and 64-bit libraries for Windows (XP, Vista and 7) 

and Linux. Compatible with C/C++, C#, Delphi, VB6, VB.NET, LabVIEW and Matlab.

Step 1.

Step 3.

The following accessories are available:

XW-RECR Coolant re-circulator for enhanced cooling performance.

ACC-XW-CHIL-160 Oasis 160 Ultra Compact Chiller Unit (tubing to be ordered separately)

ACC-6MM-TUBING-2xxxxM 6 mm tubing option for ACC-XW-CHIL-160

SR-ASZ-0033 SR-750 Adapter Flange for InGaAs detector.

SR1-ASZ-8044 SR-163 Adapter Flange for InGaAs detector

ACC-SD-VDM1000 Shutter Driver for NS25B Bistable Shutter (not needed for Shamrock 

spectrographs)

ACC-SHT-NS25B Bistable Shutter, Standalone (not needed for Shamrock spectrographs)

Spectrograph Compatibility

The InGaAs series is fully compatible with Andor’s Shamrock spectrograph (163 - 750 nm focal 

lengths) family. Shamrock spectrographs are supplied with Al/MgF2 mirror coatings as standard, 

gold or silver optics are avaialable on request. Spectrograph mounting flanges and software 

control are available for a wide variety of 3rd party spectrographs including, McPherson, JY/

Horiba, PI/Acton, Chromex/Bruker, Oriel/Newport, Photon Design, Dongwoo, Bentham, Solar 

TII and others.
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Connecting to the InGaAs

Camera Control

Connector type: USB  2.0

TTL / Logic

Connector type: SMB, provided with SMB - BNC cable

1 = Fire (Output), 2 = External Trigger (Input), 3 = Shutter (Output)

I2C connector

Compatible with Fischer SC102A054-130

1 = Shutter (TTL), 2 = I2C Clock, 3 = I2C Data, 4 = +5 Vdc, 5 = Ground

Minimum cable clearance required at rear of camera 

90 mm

Applications Guide DU490-1.7 DU491-1.7 DU492-1.7

NIR Absorption-Transmission-Reflection Spectroscopy

NIR Photoluminescence

1064 nm Raman Spectroscopy

= Suitable

= Optimum

Product Drawings
Dimensions in mm [inches]

10.0 [0.69] ±0.4 [0.16]

Focal plane
of Detector
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4.0 [0.16]
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2 off 6.0mm internal
Water connections

4 off mounting holes
to clear 6-32 UNC
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2 wide x 1.4 deep 
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= position of pixel 1,1n

1 off 1/4-20 UNC
x 1/2 deep
(mounting point)
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Shutter SMB

I²C

PowerFire SMB
External trigger SMB

USB 2.0

Mounting hole locations

NOTE: There are 2x holes:  
1x on top and 1x on the 
bottom of the camera head

Rear connector panel

n

Third-angle projection
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Minimum Computer Requirements:

•	3.0 GHz single core or 2.4 GHz multi core processor

•	2 GB RAM

•	100 MB free hard disc to install software (at least  

   1 GB recommended for data spooling)

•	USB 2.0 High Speed Host Controller capable of  

   sustained rate of 40 MB/s

•	Windows (XP, Vista and 7) or Linux

Operating & Storage Conditions

Operating 0°C to 20°C ambient (air cooling)

Operating 0°C to 30°C ambient (deep cooling)

Relative Humidity < 70% (non-condensing)

Storage Temperature -25°C to 50°C

Power Requirements

110 - 240 Vac, 50 - 60 Hz 

Order Today
Need more information? At Andor we are committed to finding 
the correct solution for you. With a dedicated team of technical 
advisors, we are able to offer you one-to-one guidance and 
technical support on all Andor products. For a full listing of our 
local sales offices, please see:

Our regional headquarters are:
Europe	 				    Japan

Belfast, Northern Ireland 			   Tokyo

Phone +44 (28) 9023 7126			   Phone +81 (3) 3518 6488

Fax +44 (28) 9031 0792			   Fax +81 (3) 3518 6489

North America				    China

Connecticut, USA 				    Beijing

Phone +1 (860) 290 9211			   Phone +86 (10) 5129 4977

Fax +1 (860) 290 9566			   Fax +86 (10) 6445 5401

	 1.		 Typically obtainable at ambient temperature of 20°C, coolant chillers operating with 10°C 	

			   coolant @ 0.75l/min. 

	 2. 	 Assembled in a state-of-the-art facility, Andor’s UltraVac™ vacuum process combines a

			   permanent hermetic vacuum seal (no o-rings), with a stringent protocol and proprietary

			   materials to minimize outgassing. Outgassing is the release of trapped gases that would

			   otherwise degrade cooling performance and potentially cause sensor failure.

	 3.		 Figures are typical unless otherwise stated.

	 4.		 The InGaAs sensor starts to ‘open’ to light up to approximately 1 μs before the rising edge of 	

			   the Fire pulse. It then starts to ‘close’ to light up to 1 μs before the falling edge of Fire. This 	

			   ensures that the camera is 100% responsive by the time the Fire pulse has risen and closed 	

			   by the falling edge. These figures only need to be taken into account for extremely short 	

			   exposures.	

	 5.		 The standard PS-25 power supply is suitable for air cooling and deep cooling. Measured at 	

			   ambient temperature of 20°C.

	 6.		 Measured using 10°C water and 10°C target/scene.		

	 7.		 At exposures below 20 μs, well depth will be reduced by approximately 1/3 of typical value 	

			   stated.

	 8.		 Noise is measured on a single pixel.

	 9.	    Blemishes as stated by sensor manufacturer.

	 10.	 The coolant temperature is also representative of the scene temperature that the camera is 	

			   exposed to during these measurements.

	 11.   Quantum efficiency of the sensor at 20°C as measured by the sensor manufacturer.

Footnotes: Specifications are subject to change without notice

andor.com/contact

SInGaAs17SS 1111 R2

Windows is a registered trademark of Microsoft Corporation. 
Labview is a registered trademark of National Instruments.  
Matlab is a registered trademark of The MathWorks Inc.

1x 2m BNC - SMB conection cable 

1x 3m USB 2.0 cable Type A à Type B

1x Set of Allen keys (7/64” & 3/32”)

1x Power supply (PS-25) with mains cable

1x Quick launch guide 

1x CD containing Andor user guides

1x Individual system performance booklet 

1x CD containing either Solis software or SDK 

(if ordered)

Items shipped with your camera:



Appendix E
MATLAB code

E.1 Download Capacity
This code is the result of a cooperation between Sigvald Marholm and the author.

pass_duration.m

1 % This i s a s c r i p t used to g a i n knowledge about the d u r a t i o n o f the p a s s e s
2
3 %c l e a r a l l
4 c l o s e a l l
5
6 % SIMULATION INPUT GOES HERE (AND IN STK)
7 a l t i t u d e s = [ 3 5 0 500 6 5 0 ] ; % d i f f e r e n t o r b i t a l a l t i t u d e s
8 t h r e s h o l d s = [ 2 1 28 3 4 ] ; % d i f f e r e n t t h r e s h o l d e l e v a t i o n a n g l e s
9 %t h r e s h o l d s = [ 0 0 0 ] ; % to s i m u l a t e TOTAL v i s i b i t y

10
11 % one a n g l e f o r each a l t i t u d e .
12 schemes = s t r v c a t ( ' r ' , ' g ' , ' b ' ) ; % D i f f e r e n t p l o t c o l o r s ( and d o t s e t c . )
13
14 % Loads the d a t a . I f the v a r i a b l e a l r e a d y e x i s t , the program w i l l assume i t
15 % i s from the p r e v i o u s run , and s a v e time by not l o a d i n g i t a g a i n . The
16 % " c l e a r a l l " command at the top o f the s c r i p t must be commented f o r t h a t .
17 i f ( ~ e x i s t ( ' data ' ) )
18 f o r i =1: l e n g t h ( a l t i t u d e s )
19 data { i }= read_stk_elev ( [ num2str ( a l t i t u d e s ( i ) ) ' c . t x t ' ] ) ;
20 d i s p ( [ ' D a t a f i l e f o r a l t i t u d e ' num2str ( a l t i t u d e s ( i ) ) ' km l o a d e d . ' ] ) ;
21 end
22 e l s e
23 d i s p ( [ ' Data a l r e a d y l o a d e d . I f not t r u e ; run " c l e a r data " . ' ] ) ;
24 end
25
26 f o r ind =1: l e n g t h ( a l t i t u d e s )
27
28 i n t e r v a l s = t h r e s h o l d _ s t k _ e l e v ( data { ind } , t h r e s h o l d s ( ind ) ) ;
29
30 i f ( isempty ( i n t e r v a l s ) ) % E l e v a t i o n n e v e r p a s s e s t h r e s h o l d
31 s t a r t =0;
32 s t o p =0;
33 e l s e
34 s t a r t = datenum ( i n t e r v a l s ( : , 1 : 6 ) ) ;
35 s t o p = datenum ( i n t e r v a l s ( : , 7 : 1 2 ) ) ;
36 end
37
38 duration_d = stop−s t a r t ; % This i s the d u r a t i o n o f the p a s s e s i n d a y s .
39 duration_h = duration_d ∗ 2 4 ; % . . . and i n hours
40 duration_m = duration_h ∗ 6 0 ; % . . . and i n m i n u t e s .
41 duration_s = duration_m ∗ 6 0 ; % . . . and i n s e c o n d s .
42
43 N = s i z e ( i n t e r v a l s , 1 ) ; % The number o f p a s s e s d u r i n g the

151



APPENDIX E. MATLAB CODE

44 % s i m u l a t i o n time (1 week )
45
46 % Length on the p a s s e s ( i n a s c e n d i n g o r d e r ) a r e s t o r e to o u t s i d e the
47 % l o o p i n t h i s v a r i a b l e f o r a l l a l t i t u d e s .
48 dur { ind } = s o r t ( duration_m ) ;
49
50 d i s p ( [ ' S i m u l a t i o n f o r a l t i t u d e ' num2str ( a l t i t u d e s ( ind ) ) ' km f i n i s h e d . ' ] ) ;
51
52 end
53
54 % C r e a t i n g l e g e n d s
55 l e g s = [ ] ;
56 f o r a l t =1: l e n g t h ( a l t i t u d e s )
57 l e g s = s t r v c a t ( l e g s , [ num2str ( a l t i t u d e s ( a l t ) ) ' km ' ] ) ;
58 end
59
60 f o r ind =1: l e n g t h ( a l t i t u d e s )
61 a l t s t r = num2str ( a l t i t u d e s ( ind ) ) ;
62 durt = dur { ind } ;
63 mindur = num2str ( min ( durt ) ) ;
64 maxdur = num2str (max( durt ) ) ;
65 meddur = num2str ( median ( durt ) ) ;
66 meandur = num2str ( mean ( durt ) ) ;
67 d i s p ( [ ' Pass d u r a t i o n i n f o r m a t i o n f o r ' a l t s t r ' km a l t i t u d e : ' ] ) ;
68 d i s p ( [ ' Minimum d u r a t i o n : ' mindur ' min. ' ] ) ;
69 d i s p ( [ ' Maximum d u r a t i o n : ' maxdur ' min. ' ] ) ;
70 d i s p ( [ ' Mean d u r a t i o n : ' meandur ' min. ' ] ) ;
71 d i s p ( [ ' Median d u r a t i o n : ' meddur ' min. ' ] ) ;
72
73 f i g u r e
74 h i s t ( durt , 5 ) ;
75 t i t l e ( [ ' D i s t r i b u t i o n o f d u r a t i o n f o r ' a l t s t r ' km a l t i t u d e ' ] ) ;
76 x l a b e l ( ' Duration [ min ] ' ) ;
77 y l a b e l ( ' Number o f p a s s e s ' ) ;
78 end

plot_data_down.m

1 % This i s a s c r i p t t h a t p l o t s the downloaded data per a v e r a g e day f o r
2 % d i f f e r e n t o r b i t a l h e i g h t s and t h r e s h o l d e l e v a t i o n a n g l e s .
3
4 %c l e a r a l l
5 c l o s e a l l
6
7 % SIMULATION INPUT GOES HERE (AND IN STK)
8 a l t i t u d e s = [ 3 5 0 500 6 5 0 ] ; % d i f f e r e n t o r b i t a l a l t i t u d e s
9 t h r e s h o l d s = 0 : 9 0 ; % d i f f e r e n t t h r e s h o l d e l e v a t i o n a n g l e s

10 zoom = 1 5 : 4 0 ; % Make a p l o t f o r t h e s e a n g l e s o n l y
11 schemes = s t r v c a t ( ' r ' , ' g ' , ' b ' ) ; % D i f f e r e n t p l o t c o l o r s ( and d o t s e t c . )
12
13 % D and I i s hold the a v e r a g e kB downloaded d u r i n g an a v e r a g e day and an
14 % a v e r a g e pass , r e s p e c t i v e l y , f o r v a r i o u s a l t i t u d e s and t h r e s h o l d s .
15 D = z e r o s ( l e n g t h ( a l t i t u d e s ) , l e n g t h ( t h r e s h o l d s ) ) ;
16 I = D;
17
18 % Loads the d a t a . I f the v a r i a b l e a l r e a d y e x i s t , the program w i l l assume i t
19 % i s from the p r e v i o u s run , and s a v e time by not l o a d i n g i t a g a i n . The
20 % " c l e a r a l l " command at the top o f the s c r i p t must be commented f o r t h a t .
21 i f ( ~ e x i s t ( ' data ' ) )
22 f o r i =1: l e n g t h ( a l t i t u d e s )
23 data { i }= read_stk_elev ( [ num2str ( a l t i t u d e s ( i ) ) ' c . t x t ' ] ) ;
24 d i s p ( [ ' D a t a f i l e f o r a l t i t u d e ' num2str ( a l t i t u d e s ( i ) ) ' km l o a d e d . ' ] ) ;
25 end
26 e l s e
27 d i s p ( [ ' Data a l r e a d y l o a d e d . I f not t r u e ; run " c l e a r data " . ' ] ) ;
28 end
29
30 f o r a l t =1: l e n g t h ( a l t i t u d e s )
31
32 f o r t h r =1: l e n g t h ( t h r e s h o l d s )
33
34 i n t e r v a l s = t h r e s h o l d _ s t k _ e l e v ( data { a l t } , t h r e s h o l d s ( t h r ) ) ;
35
36 i f ( isempty ( i n t e r v a l s ) ) % E l e v a t i o n n e v e r p a s s e s t h r e s h o l d
37 s t a r t =0;
38 s t o p =0;
39 e l s e
40 s t a r t = datenum ( i n t e r v a l s ( : , 1 : 6 ) ) ;
41 s t o p = datenum ( i n t e r v a l s ( : , 7 : 1 2 ) ) ;
42 end
43
44 duration_d = stop−s t a r t ; % This i s the d u r a t i o n o f the p a s s e s i n ...

d a y s .
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E.1. DOWNLOAD CAPACITY

45 duration_h = duration_d ∗ 2 4 ; % . . . and i n hours
46 duration_m = duration_h ∗ 6 0 ; % . . . and i n m i n u t e s .
47 duration_s = duration_m ∗ 6 0 ; % . . . and i n s e c o n d s .
48
49 T = sum ( duratio n_s ) ; % Total d u r a t i o n o f p a s s i n s e c o n d s
50 N = s i z e ( i n t e r v a l s , 1 ) ; % The number o f p a s s e s d u r i n g the
51 % s i m u l a t i o n time (1 week )
52
53 R = 9 6 0 0 ; % Assuming b i t r a t e o f 9600 bps
54 W = R∗T; % B i t s downloaded d u r i n g s i m u l a t i o n time (1 week )
55 % W = (W/8) / 1 0 2 4 ; % W i s now kB per week.
56 W = W/ ( 1 0 2 4 ^ 2 ) ; % W i s no Mb ( megabit ) per week.
57 D( a l t , t h r ) = W/ 7 ; % D i s Mb per a v e r a g e d a y .
58 I ( a l t , t h r ) = W/N; % I i s Mb download per a v e r a g e p a s s .
59
60 end
61
62 d i s p ( [ ' S i m u l a t i o n f o r a l t i t u d e ' num2str ( a l t i t u d e s ( a l t ) ) ' km f i n i s h e d . ' ] ) ;
63
64 end
65
66 % C r e a t i n g l e g e n d s
67 l e g s = [ ] ;
68 f o r a l t =1: l e n g t h ( a l t i t u d e s )
69 l e g s = s t r v c a t ( l e g s , [ num2str ( a l t i t u d e s ( a l t ) ) ' km ' ] ) ;
70 end
71
72 % P l o t Data per Day
73 f i g u r e
74 hold on
75 g r i d on
76 f o r a l t =1: l e n g t h ( a l t i t u d e s )
77 p l o t ( t h r e s h o l d s ,D( a l t , : ) , schemes ( a l t , : ) ) ;
78 end
79 x l a b e l ( ' Minimum E l e v a t i o n Angle [ d e g r e e ] ' ) ;
80 y l a b e l ( ' Average Downlink Capacity [Mb/ day ] ' ) ;
81 % t i t l e ( ' Average Data per Day f o r D i f f e r e n t C r i t e r e a ' ) ;
82 l e g e n d ( l e g s ) ;
83
84 % P l o t Data per Day ( with zoom )
85 f i r s t = f i n d ( t h r e s h o l d s==zoom ( 1 ) ) ;
86 l a s t = f i n d ( t h r e s h o l d s==zoom ( end ) ) ;
87
88 f i g u r e
89 hold on
90 g r i d on
91 f o r a l t =1: l e n g t h ( a l t i t u d e s )
92 p l o t ( t h r e s h o l d s ( f i r s t : l a s t ) ,D( a l t , f i r s t : l a s t ) , schemes ( a l t , : ) ) ;
93 end
94 x l a b e l ( ' Minimum E l e v a t i o n Angle [ d e g r e e ] ' ) ;
95 y l a b e l ( ' Average Downlink Capacity [Mb/ day ] ' ) ;
96 % t i t l e ( ' Average Data per Day f o r D i f f e r e n t C r i t e r e a ' ) ;
97 l e g e n d ( l e g s ) ;
98 % a = [ 1 8 , 2 4 , 3 0 ] ;
99 % b = [D( 1 , 1 9 ) D( 2 , 2 5 ) D( 3 , 3 1 ) ] ;

100 a = [ 2 1 , 2 8 , 3 4 ] ;
101 b = [D( 1 , 2 2 ) D( 2 , 2 9 ) D( 3 , 3 5 ) ] ;
102 p l o t ( a , b , ' ok ' ) ;
103
104 % P l o t Data per Pass
105 f i g u r e
106 hold on
107 g r i d on
108 f o r a l t =1: l e n g t h ( a l t i t u d e s )
109 p l o t ( t h r e s h o l d s , I ( a l t , : ) , schemes ( a l t , : ) ) ;
110 end
111 x l a b e l ( ' Minimum E l e v a t i o n Angle [ d e g r e e ] ' ) ;
112 y l a b e l ( ' Average Downlink Capacity [Mb/ p a s s ] ' ) ;
113 % t i t l e ( ' Average Data per ( Usable ) Pass f o r D i f f e r e n t C r i t e r i a ' ) ;
114 l e g e n d ( l e g s ) ;

plot_stk_elev.m

1 f u n c t i o n p l o t _ s t k _ e l e v ( data )
2
3 N = s i z e ( data , 1 ) ;
4
5 % Remove s p u r i o u s e l e v a t i o n s caused by a bug i n STK
6 data = stk_remove_spurious ( data ) ;
7
8 % This l i n e e l i m i n a t e s a l l rows t h a t a r e f i l l e d with j u s t z e r o s . They a r e
9 % s e p a r a t o r s to s e p a r a t e between the p a s s e s .

10 data ( a l l ( ismember ( data , [ 0 0 0 0 0 0 0 ] ) , 2 ) , : ) = [ ] ;
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11
12 % Takes i n the date v e c t o r ( f i r s t s i x e l e m e n t s ) and c o n v e r t s i t to MATLABs
13 % s e r i a l date f o r m a t .
14 time_axis = datenum ( data ( : , 1 : 6 ) ) ;
15
16 p l o t ( time_axis , data ( : , 7 ) ) ;
17 d a t e t i c k ( ' x ' , 'HH:MM' ) ;
18
19 end

read_stk_elev.m

1 f u n c t i o n [ data sep ] = read_stk_elev ( fname )
2 % Function to read STK data f i l e s c o n t a i n i n g e l e v a t i o n . For now i t o n l y
3 % s u p p o r t s e l e v a t i o n . The usage i s as f o l l o w s :
4 %
5 % You s e t up a s c e n a r i o with a s a t e l l i t e and a ground s t a t i o n f a c i l i t y i n
6 % STK and you e x p o r t the e l e v a t i o n as s e e n from the ground s t a t i o n to a
7 % . d a t f i l e . You have to e x p o r t ONLY the e l e v a t i o n and not azimuth and
8 % range s i n c e read_stk_elev ( ) doesn ' t s u p p o r t t h a t . I f done c o r r e c t l y , a l l
9 % the l i n e s i n the . d a t f i l e s h o u l d l o o k l i k e the f o l l o w i n g :

10 %
11 % E l e v a t i o n ( deg ) 47 1 . 1 . 2 0 1 2 0 3 : 3 6 : 1 5 , 0 0 0 2 ,27845993613939
12 %
13 % The f i r s t number i s s i m p l e an index , the number o f the s a m p l e .
14 % S u b s e q u e n t l y f o l l o w s the date and time , and f i n a l l y the e l e v a t i o n a n g l e
15 % i n d e g r e e s .
16 %
17 % There i s an i s s u e with the format o f the . d a t f i l e STK p r o d u c e s ; they
18 % cannot be read by MATLAB. To f i x that , open them i n a t e x t−e d i t o r and
19 % s a v e them with UTF−8 e n c o d i n g b e f o r e u s i n g read_stk_elev ( ) .
20 %
21 % Import the data to a MATLAB matrix c a l l e d data by
22 %
23 % data = read_stk_elev ( fname )
24 %
25 % where fname i s a v a r i a b l e ( o f type s t r i n g ) c o n t a i n i n g the f i l e n a m e ( or
26 % URL) o f the . d a t− f i l e e x p o r t e d from STK.
27 %
28 % data w i l l be a N x 7 matrix where N i s the number o f samples i n the
29 % . d a t− f i l e from STK. The f i r s t dimension i s the number o f samples whereas
30 % the second dimension h o l d s d i f f e r e n t i n f o r m a t i o n ( f i e l d s ) about the
31 % samples :
32 %
33 % 1 − Year
34 % 2 − Month
35 % 3 − Day
36 % 4 − Hour
37 % 5 − Minute
38 % 6 − Second
39 % 7 − E l e v a t i o n
40 %
41 % For example , data ( 2 3 , 7 ) y i e l d s the e l e v a t i o n o f the 23 rd s a m p l e .
42 %
43 % Note t h a t between the p a s s e s , when the s a t e l l i t e i s not empty , STK
44 % p r o d u c e s an empty ( s e p a r a t o r ) s a m p l e . For t h e s e samples a l l the f i e l d s
45 % a r e s e t to 0 i n the data m a t r i x . In some c a s e s , i t w i l l be u s e f u l f o r the
46 % u s e r to know which samples a r e s e p a r a t o r s . I n s t e a d o f t e s t i n g f o r i t , the
47 % u s e r can g e t a l i s t o f s e p a r a t o r s , sep , i n the f o l l o w i n g way :
48 %
49 % [ data sep ] = read_stk_elev ( fname )
50 %
51 % Made by :
52 % Marianne Bakken <mariba@stud.ntnu.no >, MSc. t h e s i s f o r NUTS 2012
53 % S i g v a l d Marholm <marholm@stud.ntnu.no >, MSc. t h e s i s f o r NUTS 2012
54 %
55 % Copyright 2012 , NUTS − NTNU Test S a t e l l i t e
56 %
57
58
59
60 % A t y p i c a l l i n e may l o o k l i k e the f o l l o w i n g , f o l l o w e d by r e g e x p b l o c k s and
61 % name o f v a r i a b l e s they w i l l be s t o r e d i n t o .
62
63 % E l e v a t i o n ( deg ) 47 1 . 1 . 2 0 1 2 0 3 : 3 6 : 1 5 , 0 0 0 2 ,27845993613939
64 % −−−%s−−−− −%s−− %d −−−%s−−− −−−−−%s−−−−− −−−−−−−%s−−−−−−−
65 % i n d e x date time e l e v a t i o n
66
67 % The two f i r s t b l o c k s a r e j u s t waste
68 % The %d can be used as i n d e x i n a matrix
69 % The t h r e e l a s t b l o c k s a r e read as s t r i n g s to be p a r s e d l a t e r
70
71 p a t t e r n= '%s %s %d %s %s %s ' ;
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72
73 f i d = f o p e n ( fname ) ;
74 unparsed = t e x t s c a n ( f i d , p a t t e r n ) ;
75 f c l o s e ( f i d ) ;
76
77 % Read out the r e g e x p b l o c k s
78 i n d e x = unparsed ( 3 ) ;
79 date = unparsed ( 4 ) ;
80 time = unparsed ( 5 ) ;
81 e l e v a t i o n = unparsed ( 6 ) ;
82
83 % MATLAB s t o r e s them as a 1−element c e l l−a r r a y f o r some r e a s o n .
84 % Read out the one c e l l e l e m e n t .
85 i n d e x = i n d e x { 1 } ;
86 date = date { 1 } ;
87 time = time { 1 } ;
88 e l e v a t i o n = e l e v a t i o n { 1 } ;
89
90 N = s i z e ( index , 1 ) ; % The output i s a Nx7 matrix
91
92 % Reads out the data i n a Nx7 matrix o f the form data ( index , parameter )
93 % where i n d e x i s the same i n d e x as i n the f i l e , parameter i s a v a l u e o f
94 % the f o l l o w i n g :
95 %
96 % 1 − y e a r
97 % 2 − month
98 % 3 − day
99 % 4 − hour

100 % 5 − minute
101 % 6 − second
102 % 7 − e l e v a t i o n
103 %
104 % So f o r example data ( 2 3 , : ) y i e l d s the time and e l e v a t i o n f o r sample 23 .
105
106 % I n i t i a l i z e data matrix and sep v e c t o r
107 data = z e r o s (N, 7 ) ;
108 sep = [ ] ;
109
110 f o r i=i n d e x . '
111
112 date_ = date ( i ) ;
113 time_ = time ( i ) ;
114 e l e v a t i o n _ = e l e v a t i o n ( i ) ;
115
116 % For some r e a s o n MATLAB s t o r e s t h i s i n t o 1−d i m e n s i o n a l c e l l a r r a y s as w e l l
117 date_ = date_ { 1 } ;
118 time_ = time_ { 1 } ;
119 e l e v a t i o n _ = e l e v a t i o n _ { 1 } ;
120
121 i f ( isempty ( e l e v a t i o n _ ) )
122 % STK Produces an empty row with j u s t an i n d e x when the s a t e l l i t e
123 % i s not v i s i b l e . R e g . e x p . f u n c t i o n s run i n t o t r o u b l e i f they t r y
124 % to p a r s e an empty s t r i n g . The c o n v e n t i o n w i l l be t h a t the matrix
125 % i s l e f t with z e r o s at t h e s e p l a c e s . A v e c t o r sep i s a v a i l a b l e as
126 % an output f o r the u s e r . This i s an e a s y way f o r the u s e r to keep
127 % t r a c k o f where t h e s e samples a r e .
128 sep = [ sep i ] ;
129 e l s e
130
131 % Replace d e l i m i t e r s with s p a c e
132 date_ = r e g e x p r e p ( date_ , ' \ . ' , ' ' ) ; % '1 . 1 . 2 0 1 2 ' => '1 1 2012 '
133 time_ = r e g e x p r e p ( time_ , ' : ' , ' ' ) ; % ' 0 3 : 3 6 : 1 5 , 0 0 0 ' => '03 36 ...

1 5 , 0 0 0 '
134
135 % Replace d e c i m a l , with .
136 time_ = r e g e x p r e p ( time_ , ' , ' , ' . ' ) ; % '03 36 1 5 , 0 0 0 ' => '03 36 ...

15 .000 '
137 e l e v a t i o n _ = r e g e x p r e p ( e l e v a t i o n _ , ' , ' , ' . ' ) ; % ' 2 , 2 7 8 4 5 9 9 3 6 1 3 9 3 9 ' => ...

'2 .27845993613939 '
138
139 % Read out ' day month year ' from date_
140 temp = t e x t s c a n ( date_ , '%d %d %d ' , ' C o l l e c t O u t p u t ' , 1 ) ;
141 temp = temp { 1 } ;
142
143 data ( i , 1 ) = temp ( 3 ) ; % y e a r
144 data ( i , 2 ) = temp ( 2 ) ; % month
145 data ( i , 3 ) = temp ( 1 ) ; % day
146
147 % Read out ' hour minute second ' from time_
148 temp = t e x t s c a n ( time_ , '%f %f %f ' , ' C o l l e c t O u t p u t ' , 1 ) ;
149 temp = temp { 1 } ;
150
151 data ( i , 4 ) = temp ( 1 ) ; % hour
152 data ( i , 5 ) = temp ( 2 ) ; % minute
153 data ( i , 6 ) = temp ( 3 ) ; % second
154
155 % Read out ' e l e v a t i o n ' from e l e v a t i o n _
156 temp = t e x t s c a n ( e l e v a t i o n _ , '%f ' , ' C o l l e c t O u t p u t ' , 1 ) ;
157 temp = temp { 1 } ;
158
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159 data ( i , 7 ) = temp ( 1 ) ; % e l e v a t i o n
160
161 end
162
163 end
164
165 end

stk_remove_spurious.m

1 f u n c t i o n data = stk_remove_spurious ( data )
2 % This f u n c t i o n remove s p u r i o s s p i k e s t h a t STK p r o d u c e s due to a bug i n the
3 % e l e v a t i o n a n g l e at the b e g i n n i n g / end o f a p a s s .
4
5 N = s i z e ( data , 1 ) ;
6
7 % This i s a l o g i c a l v e c t o r ( f i l l e d with ones and z e r o s ) t h a t i n d i c a t e where
8 % t h e r e i s an i n c r e a s e from a g i v e n sample to the next o n e .
9 i n c r e a s e = data ( 1 : end−1 ,7)<data ( 2 : end , 7 ) ;

10
11 % This l o g i c a l v e c t o r i n d i c a t e where t h e r e i s a d e c r e a s e from a g i v e n
12 % sample to the next o n e .
13 d e c r e a s e = [ ~ i n c r e a s e ; 0 ] ;
14
15 % Now i t r e p r e s e n t s whether a g i v e n sample has i n c r e a s e d w . r . t . the
16 % p r e v i o u s s a m p l e . I . e . i f i n c r e a s e ( 3 4 )==1 then data ( 3 4 , 7 ) i s l a r g e r than
17 % the p r e v i o u s e l e v a t i o n , data ( 3 3 , 7 ) .
18 i n c r e a s e = [ 0 ; i n c r e a s e ] ;
19
20 % This i s a l o g i c a l v e c t o r r e p r e s e n t i n g a l l the s e p a r a t o r s
21 sep = a l l ( ismember ( data , [ 0 0 0 0 0 0 0 ] ) , 2 ) ;
22
23 % These a r e l o g i c a l v e c t o r s r e p r e s e n t i n g the samples b e f o r e and a f t e r the
24 % s e p a r a t o r s
25 p r e s e p = [ sep ( 2 : end ) ; 0 ] ;
26 p o s t s e p = [ 0 ; sep ( 1 : end−1) ] ;
27
28 % This i s a l o g i c a l v e c t o r r e p r e s e n t i n g the e l e m e n t s where the sample
29 % b e f o r e the s e p a r a t o r i n c r e a s e d w . r . t . the one b e f o r e t h a t . That i s a
30 % s p u r i o u s e l e v a t i o n angle , a bug from STK. We know t h a t i t i s below 1 , we
31 % w i l l s e t i t to 0 to f i x i t .
32 % spur = or ( and ( presep , i n c r e a s e ) , and ( p o s t s e p , ~ i n c r e a s e ) ) ;
33 spur = or ( and ( presep , i n c r e a s e ) , and ( p o s t s e p , d e c r e a s e ) ) ;
34 data ( spur , 7 ) =0;
35
36 end

threshold_stk_elev.m

1 f u n c t i o n i n t e r v a l s = t h r e s h o l d _ s t k _ e l e v ( data , t h r e s h o l d )
2 % Given a s e t o f e l e v a t i o n data from STK s i m u l a t i o n s and read with
3 % read_stk_data ( ) , t h i s f u n c t i o n d e t e r m i n e s the time i n t e r v a l s when the
4 % e l e v a t i o n i s h i g h e r than a c e r t a i n t h r e s h o l d , i . e . 10 d e g r e e s .
5 %
6 % Usage :
7 %
8 % i n t e r v a l s = t h r e s h o l d _ s t k _ e l e v ( data , t h r e s h o l d )
9 %

10 % where data i s the output data matrix from read_stk_data ( ) and t h r e s h o l d
11 % i s the e l e v a t i o n t h r e s h o l d .
12 %
13 % The output i s a matrix where each i n t e r v a l i s r e p r e s e n t e d by one row o f
14 % 12 e l e m e n t s . The f i r s t 6 e l e m e n t s o f the row a r e the year , month , day ,
15 % hour , minute and second o f the s t a r t o f the p e r i o d . The 6 l a s t e l e m e n t s
16 % r e p r e s e n t the end o f the p e r i o d i n the same manner.
17 %
18 % Example output :
19 %
20 % i n t e r v a l s =
21 %
22 % 1 1 2012 13 43 23 1 1 2012 13 48 43
23 % 1 1 2012 15 32 11 1 1 2012 15 42 12
24 %
25 % This example shows t h a t the data c o n t a i n s two i n t e r v a l s where the
26 % e l e v a t i o n i s h i g h e r than the user−s p e c i f i e d t h r e s h o l d e l e v a t i o n . The
27 % second i n t e r v a l , f o r example , s t a r t s on 1 . 1 . 2 0 1 2 1 5 : 3 2 : 1 1 and ends
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28 % 1 5 : 4 2 : 1 2 the same d a y .
29
30 i n t e r v a l s = [ ] ;
31
32 % The a l g o r i t h m works by i t e r a t i n g through a l l samples and d e t e c t when the
33 % e l e v a t i o n i n c r e a s e above , or d e c r e a s e below , the g i v e n t h r e s h o l d . When
34 % t h a t happens , i t w r i t e s to the i n t e r v a l s a r r a y . I t remembers whether or
35 % not the e l e v a t i o n i s above the t h r e s h o l d by a f l a g c a l l e d a b o v e .
36
37 above = 0 ; % Nominally not i n an i n t e r v a l
38 N = s i z e ( data , 1 ) ;
39
40 data=stk_remove_spurious ( data ) ;
41
42 f o r i =1:N
43
44 i f ( ( data ( i , 7 )>=t h r e s h o l d ) && ~ above )
45
46 i f ( ~ a l l ( data ( i , 1 : 6 ) ==[0 0 0 0 0 0 ] ) ) % I g n o r e empty samples
47
48 % Sometimes STK p r o d u c e s s p u r i o u s output ( u n b e l i e v a b l y enough ) .
49 % When the e l e v a t i o n p a s s e s below 1 d e g r e e i t s t a r t s t y p i n g them i n
50 % e x p o n e n t i a l form , i . e . 7 ,442341 e−001 e x c e p t t h a t sometimes i t
51 % doesn ' t g e t the exponent r i g h t . I n s t e a d the exponent becomes 0 ,
52 % and t h e r e i s a s i n g l e sample b e f o r e the s a t e l l i t e g o e s down where
53 % the e l e v a t i o n i s s u p p o s e d l y 7 d e g r e e s . This f u n c t i o n h a n d l e s t h a t
54 % by c h e c k i n g t h a t the next sample i s a l s o above the t h r e s h o l d .
55
56 i f ( i +1)<=N % Check t h a t t h e r e i s a next sample and i g n o r e i f n o t .
57
58 i f ( data ( i +1 ,7)>=t h r e s h o l d )
59
60 % An i n t e r v a l s t a r t s at t h i s s a m p l e . Add a new row i n
61 % i n t e r v a l s and add the time i n the s i x f i r s t c o l u m n s .
62
63 i n t e r v a l s ( end + 1 , 1 : 6 ) = data ( i , 1 : 6 ) ;
64 above = 1 ;
65 end
66 end
67 end
68
69 e l s e i f ( ( data ( i , 7 )<t h r e s h o l d ) && above )
70
71 % An i n t e r v a l s t o p s at t h i s s a m p l e . Add the time to the s i x l a s t
72 % columns i n the l a s t row.
73 i n t e r v a l s ( end , 7 : 1 2 ) = data ( i , 1 : 6 ) ;
74 above = 0 ;
75
76 e l s e i f ( a l l ( data ( i , 1 : 6 ) ==[0 0 0 0 0 0 ] ) && above )
77
78 % i f t h r e s h o l d = 0 the above mechanism to d e t e c t an end o f the
79 % i n t e r v a l doesn ' t work s i n c e STK doesn ' t s a v e samples with
80 % n e g a t i v e e l e v a t i o n , and hence a l l samples w i l l have v a l u e s >=0 .
81 % I n s t e a d , STK s a v e s a s e p a r a t o r sample between e v e r y p a s s where
82 % a l l f i e l d s ( year , e t c . ) a r e s im pl y z e r o . When such an sample
83 % occur , and the above f l a g i s s t i l l s e t , you know t h a t the
84 % PREVIOUS sample was the l a s t o n e .
85
86 i n t e r v a l s ( end , 7 : 1 2 ) = data ( i −1 ,1:6) ;
87 above = 0 ;
88
89 end
90
91 end

E.2 DPCM Algorithm and Test Script
autocorrcoeffs_2D.m

1 f u n c t i o n [ c o r r _ c o e f f s power ]= a u t o c o r r c o e f f s _ 2 D (M)
2 %i n p u t : Array M (1D, 2D or 3D) , zero−mean
3 %output : − v e c t o r c o r r _ c o e f f s with c o r r e l a t i o n c o e f f i c i e n t s
4 % ( a l o n g 1 st , 2nd and 3 rd dimension )
5 % − e s t i m a t e d power ( v a r i a n c e ) o f M
6 N = l e n g t h (M( : ) ) ; %t o t a l number o f samples
7 s h i f t s = [ 1 0 ] ;
8 r = z e r o s ( 1 , 2 ) ; %i n i t i a t i n g c o v a r i a n c e v e c t o r
9 f o r i = 1 : 2

10 r ( i ) = sum ( sum (M( 1 : end−s h i f t s ( 1 ) , 1 : end−s h i f t s ( 2 ) ) . . .
11 . ∗M( s h i f t s ( 1 ) +1: end , s h i f t s ( 2 ) +1: end ) ) ) /N;
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12 s h i f t s = c i r c s h i f t ( s h i f t s , [ 0 1 ] ) ;
13 end
14 power = sum ( sum ( sum ( M. ^ 2 ) ) ) /N;
15 c o r r _ c o e f f s = r / power ;
16 end

autocorrcoeffs_3D.m

1 f u n c t i o n [ c o r r _ c o e f f s power ] = a u t o c o r r c o e f f s _ 3 D (M)
2 %i n p u t : 3D array , zero−mean
3 %output : − v e c t o r c o r r _ c o e f f s with c o r r e l a t i o n c o e f f i c i e n t s
4 % ( a l o n g 1 st , 2nd and 3 rd dimension )
5 % − e s t i m a t e d power ( v a r i a n c e ) o f M
6
7 N_tot = l e n g t h (M( : ) ) ; %t o t a l number o f samples
8 s h i f t s = [ 1 0 0 ] ; %i n d i c a t i n g which dimension to s h i f t
9 r = z e r o s ( 1 , 3 ) ; %i n i t i a t i n g c o v a r i a n c e v e c t o r

10 f o r i = 1 : 3
11 N_r = prod ( s i z e (M)−s h i f t s ) ; %t o t a l number o f samples i n e s t i m a t i o n
12 r ( i ) = sum ( sum ( sum (M( 1 : end−s h i f t s ( 1 ) , 1 : end−s h i f t s ( 2 ) , 1 : end−s h i f t s ( 3 ) ) . . .
13 . ∗M( s h i f t s ( 1 ) +1: end , s h i f t s ( 2 ) +1: end , s h i f t s ( 3 ) +1: end ) ) ) ) /N_r ;
14 s h i f t s = c i r c s h i f t ( s h i f t s , [ 0 1 ] ) ;
15 end
16 power = sum ( sum ( sum ( M. ^ 2 ) ) ) /N_tot ;
17 c o r r _ c o e f f s = r / power ;
18 end

deadzone_quantizer.m

1 f u n c t i o n q _ l e v e l = d ea dz o ne _q ua nt i ze r ( x , q_param )
2 %% −−Q u a n t i z a t i o n with uniform deadzone q u a n t i z e r
3 % i n p u t : x − i n p u t s i g n a l ( one sample )
4 % d z _ o f f s e t − ( two−s i d e d ) width o f dead−zone i n t e r v a l
5 % range − one−s i d e d range
6 % L − number o f q u a n t i z a t i o n l e v e l s
7 % output : q u a n t i z a t i o n l e v e l f o r sample x
8 %% −−−−−−−
9 L = q_param.L ;

10 range = q_param.range ;
11 d z _ o f f s e t = q_param.dz_offset ;
12
13 % Compute s t e p s i z e o u t s i d e deadzone
14 s t e p _ s i z e = (2∗ range−d z _ o f f s e t ) /(L−1) ;
15 % Compute maximum q u a n t i z a t i o n l e v e l
16 %max_q_level = ( d z _ o f f s e t+s t e p _ s i z e ∗(L−1)−s t e p _ s i z e ∗0 . 5 ) / 2 ;
17 max_q_level = range−0. 5 ∗ s t e p _ s i z e ;
18 %c l i p i n p u t o u t s i d e the q u a n t i z e r range :
19 x_clipped = min ( abs ( x ) , max_q_level ) ;
20 %map to one−s i d e d uniform midtread with s t e p _ s i z e =1
21 x_mapped = max ( 0 , ( x_clipped−0. 5 ∗( d z _ o f f s e t−s t e p _ s i z e ) ) / s t e p _ s i z e ) ;
22 % add s i g n back :
23 x_signed = s i g n ( x ) . ∗x_mapped ;
24 % s h i f t s i g n a l to g e t a l l−p o s i t i v e v a l u e s :
25 x_pos = x_signed+L+1;
26 % round to n e a r e s t i n t e g e r and add s i g n :
27 q_level_pos = round ( x_pos ) ;
28 % s h i f t s i g n a l back
29 q _ l e v e l = q_level_pos−(L+1) ;
30 end

dpcm3D_decode.m

1 f u n c t i o n f _ r e c = dpcm3D_decode ( e_q , p r e d _ c o e f f s , q_param , MC_shift )
2 i m s i z e = s i z e ( e_q ) ;
3 f _ r e c = z e r o s ( i m s i z e ) ;
4
5 q_param_nopred = q_param { 1 } ;
6 q_param2D = q_param { 2 } ;
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7 q_param3D = q_param { 3 } ;
8
9 a2D = p r e d _ c o e f f s { 1 } ;

10 a3D = p r e d _ c o e f f s { 2 } ;
11
12 x_mc = MC_shift ; %Assume s h i f t i n the x−d i r e c t i o n common to a l l f ram es
13
14 % C o o r d i n a t e s f o r 3D p r e d i c t i o n window :
15 m = [ 1 0 −x_mc ] ; % image x−d i r e c t i o n
16 n = [ 0 1 0 ] ; % image y−d i r e c t i o n
17 p = [ 0 0 1 ] ; % time d i r e c t i o n
18 % C o o r d i n a t e s f o r 2D p r e d i c t i o n window :
19 m2D = [ 1 0 1 ] ; % image x−d i r e c t i o n
20 n2D = [ 0 1 1 ] ; % image y−d i r e c t i o n
21
22 f o r t = 1 : i m s i z e ( 3 ) % For each frame
23 f o r y = 1 : i m s i z e ( 1 ) % For each row
24 f_p = 0 ; %p r e d i c t e d v a l u e
25 f o r x = 1 : i m s i z e ( 2 ) % For each p i x e l
26 i f ( ( ~ ( y <= 1 | | x < 1 | | x == i m s i z e ( 2 ) ) && ( t <= 1) ) . . . %due ...

to p r e d i c t i o n window
27 | | ( ~ ( y <= 1 | | x == i m s i z e ( 2 ) ) && x >= ( i m s i z e ( 2 )−x_mc) ) ) ...

%due to motion compensation
28 pred_mode = ' 2D ' ;
29 e l s e i f ( ~ ( y <= 1 | | x < 1 | | x == i m s i z e ( 2 ) ) && ( t > 1) )
30 pred_mode = ' 3D ' ;
31 e l s e
32 pred_mode = ' none ' ;
33 end
34
35 %−−R e c o n s t r u c t i o n
36 i f ( strcmp ( pred_mode , ' none ' ) )
37 e_q_rec ( y , x , t ) = inv_uniform_quantizer ( e_q ( y , x , t ) , ...

q_param_nopred ) ;
38 e l s e i f ( strcmp ( pred_mode , ' 2D ' ) )
39 e_q_rec ( y , x , t ) = inv_deadzone_quantizer ( e_q ( y , x , t ) , ...

q_param2D ) ;
40 e l s e i f ( strcmp ( pred_mode , ' 3D ' ) )
41 e_q_rec ( y , x , t ) = inv_deadzone_quantizer ( e_q ( y , x , t ) , ...

q_param3D ) ;
42 end
43 % e_q_rec ( y , x , t ) = e_q ( y , x , t ) ; %t e s t i n g without Q
44 f _ r e c ( y , x , t ) = e_q_rec ( y , x , t ) + f_p ;
45
46 %−−P r e d i c t i o n−−−
47 %Update p r e d i c t i o n s i g n a l ( f o r next sample )
48 f_p_temp = 0 ;
49 i f ( strcmp ( pred_mode , ' 2D ' ) )
50 %2D p r e d i c t i o n f o r the f i r s t frame :
51 f o r l = 1 : l e n g t h ( a2D )
52 f_p_temp = f_p_temp+a2D ( l ) ∗ f _ r e c ( y−n2D ( l ) , x−m2D( l ) +1, t ) ;...

%i n d e x e s r e l a t i v e to c u r r e n t px !
53 end
54 e l s e i f ( strcmp ( pred_mode , ' 3D ' ) )
55 %3D p r e d i c t i o n f o r the r e s t :
56 f o r k = 1 : l e n g t h ( a3D )
57 %f ( y , x+1, t ) %t e s t i n g
58 %f ( y , x+1, t−1)%t e s t i n g
59 f_p_temp = ...

f_p_temp+a3D ( k ) ∗ f _ r e c ( y−n ( k ) , x−m( k ) +1, t−p ( k ) ) ;%%i n d e x e s...
r e l a t i v e to c u r r e n t px !

60 end
61 end
62
63 f_p = f_p_temp ;
64 end
65 end
66 end
67 end

dpcm3D_encode.m

1 f u n c t i o n e_q = dpcm3D_encode ( f , p r e d _ c o e f f s , q_param , MC_shift )
2 %DPCM e n c o d e r with 3D p r e d i c t o r , o r d e r d e c i d e d by p r e d i c t i o n window W
3 %Input s i g n a l : f (3D matrix ) , i n p u t image s e q u e n c e ( v i d e o ) , must have z e r o ...

mean !
4 %Output s i g n a l s : e_q (3D matrix ) , q u a n t i z e d p r e d i c t i o n e r r o r
5 % a ( double v e c t o r ) , p r e d i c t i o n c o e f f i c i e n t s
6
7 i f ( ~ i s c e l l ( q_param ) )
8 q u a n t i z e = 0 ;
9 e l s e

10 q u a n t i z e = 1 ;
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11 q_param_nopred = q_param { 1 } ;
12 q_param2D = q_param { 2 } ;
13 q_param3D = q_param { 3 } ;
14 end
15
16 a2D = p r e d _ c o e f f s { 1 } ;
17 a3D = p r e d _ c o e f f s { 2 } ;
18
19 x_mc = MC_shift ; %Assume s h i f t i n the x−d i r e c t i o n common to a l l fr am es
20
21 f _ s i z e=s i z e ( f ) ;
22 f _ r e c = z e r o s ( f _ s i z e ) ; %i n t e r n a l r e c o n s t r u c t e d s i g n a l
23 % C o o r d i n a t e s f o r 3D p r e d i c t i o n window :
24 %without MC
25 % m = [ 1 0 0 ] ; % image x−d i r e c t i o n
26 % n = [ 0 1 0 ] ; % image y−d i r e c t i o n
27 % p = [ 0 0 1 ] ; % time d i r e c t i o n
28 % % C o o r d i n a t e s f o r 2D p r e d i c t i o n window :
29 % m2D = [ 1 0 1 ] ; % image x−d i r e c t i o n
30 % n2D = [ 0 1 1 ] ; % image y−d i r e c t i o n
31 m = [ 1 0 −x_mc ] ; % image x−d i r e c t i o n
32 n = [ 0 1 0 ] ; % image y−d i r e c t i o n
33 p = [ 0 0 1 ] ; % time d i r e c t i o n
34 % C o o r d i n a t e s f o r 2D p r e d i c t i o n window :
35 m2D = [ 1 0 1 ] ; % image x−d i r e c t i o n
36 n2D = [ 0 1 1 ] ; % image y−d i r e c t i o n
37
38 %Encoding :
39 f o r t = 1 : f _ s i z e ( 3 ) % For each frame
40 f o r y = 1 : f _ s i z e ( 1 ) % For each row
41 f_p = 0 ; %p r e d i c t e d v a l u e
42 f o r x = 1 : f _ s i z e ( 2 ) % For each p i x e l
43 i f ( ( ~ ( y <= 1 | | x < 1 | | x == f _ s i z e ( 2 ) ) && ( t <= ...

1) ) . . . %due to p r e d i c t i o n window
44 | | ( ~ ( y <= 1 | | x == f _ s i z e ( 2 ) ) && x >= ...

( f _ s i z e ( 2 )−x_mc) ) ) %due to motion compensation
45 pred_mode = ' 2D ' ;
46 e l s e i f ( ~ ( y <= 1 | | x < 1 | | x == f _ s i z e ( 2 ) ) && ( t > 1) )
47 pred_mode = ' 3D ' ;
48 e l s e
49 pred_mode = ' none ' ;
50 end
51 %D i f f e r e n c e s i g n a l s
52 e = f ( y , x , t )−f_p ; %p r e d i c t i o n e r r o r
53
54 %−−Q u a n t i z a t i o n and i n v e r s e q u a n t i z a t i o n :
55 i f ( q u a n t i z e == 0) %q u a n t i z a t i o n turned o f f
56 e_q ( y , x , t ) = e ;
57 e_q_rec ( y , x , t ) = e ;
58 e l s e i f ( strcmp ( pred_mode , ' none ' ) )
59 e_q ( y , x , t ) = u n i f o r m _ q u a n t i z e r ( e , q_param_nopred ) ;
60 e_q_rec ( y , x , t ) = inv_uniform_quantizer ( e_q ( y , x , t ) , ...

q_param_nopred ) ;
61 e l s e i f ( strcmp ( pred_mode , ' 2D ' ) )
62 e_q ( y , x , t ) = de a dz on e_ q ua nt iz e r ( e , q_param2D ) ;
63 e_q_rec ( y , x , t ) = inv_deadzone_quantizer ( e_q ( y , x , t ) , ...

q_param2D ) ;
64 e l s e i f ( strcmp ( pred_mode , ' 3D ' ) )
65 e_q ( y , x , t ) = de a dz on e_ q ua nt iz e r ( e , q_param3D ) ;
66 e_q_rec ( y , x , t ) = inv_deadzone_quantizer ( e_q ( y , x , t ) , ...

q_param3D ) ;
67 end
68
69 %−−R e c o n s t r u c t i o n ( i n t e r n a l d e c o d i n g )
70 f _ r e c ( y , x , t ) = e_q_rec ( y , x , t ) + f_p ;
71
72 %−−P r e d i c t i o n−−−
73 %Update p r e d i c t i o n s i g n a l ( f o r next sample )
74 f_p_temp = 0 ;
75 i f ( strcmp ( pred_mode , ' 2D ' ) )
76 %2D p r e d i c t i o n f o r the f i r s t frame :
77 f o r l = 1 : l e n g t h ( a2D )
78 f_p_temp = ...

f_p_temp+a2D ( l ) ∗ f _ r e c ( y−n2D ( l ) , x−m2D( l ) +1, t ) ; ...
%i n d e x e s r e l a t i v e to c u r r e n t px !

79 end
80 e l s e i f ( strcmp ( pred_mode , ' 3D ' ) )
81 %3D p r e d i c t i o n f o r the r e s t :
82 f o r k = 1 : l e n g t h ( a3D )
83 f_p_temp = ...

f_p_temp+a3D ( k ) ∗ f _ r e c ( y−n ( k ) , x−m( k ) +1, t−p ( k ) ) ;%%i n d e x e s...
r e l a t i v e to c u r r e n t px !

84 end
85 end
86
87 f_p = f_p_temp ;
88 end
89 end
90 end
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dpcm_demo.m

1 % DPCM parameter t e s t i n g s c r i p t
2 c l e a r
3 c l o s e a l l
4
5 %−−− Prepare p a r a m e t e r s and i n p u t s −−−
6
7 %D e f i n e images :
8 make_test_images_dpcm %make t e s t images s e q u e n c e without motion compensation
9 %f r a m e _ s h i f t = [ 0 3 ] ;

10 %make_test_images_dpcm_mc %make t e s t image s e q u e n c e with motion compensation
11
12 im_mat = video_mat ;
13 nr_px = numel ( video_mat ) ;
14 nr_px_frame = s i z e ( video_mat , 1 ) ^ 2 ;
15 nr_frames = s i z e ( video_mat , 3 ) ;
16 nr_rows = s i z e ( video_mat , 1 ) ;
17 %MC_shift = round ( f r a m e _ s h i f t ( 2 ) ) ;
18 MC_shift = 0 ;
19 %P r e d i c t i o n windows :
20 W3D = [ 1 0 0 ; 0 1 0 ; 0 0 1 ] ;
21 W2D = [ 1 0 ; 0 1 ; 1 1 ] ;
22 %S u b t r a c t mean :
23 im_mat_mean = mean ( mean ( im_mat ) ) ;
24 f o r i = 1 : s i z e ( im_mat , 3 )
25 im_mat0 ( : , : , i ) = im_mat ( : , : , i )−im_mat_mean ( 1 , 1 , i ) ;
26 end
27 %Compute p r e d i c t i o n c o e f f i c i e n t s
28 p r e d _ c o e f f s = c e l l ( 1 , 2 ) ;
29 [ a2D power2D ] = e s t _ 2 D p r e d c o e f f s ( im_mat0 ( : , : , 1 ) , W2D, ' debug ' ) ;
30 [ a3D power3D ] = e s t _ 3 D p r e d c o e f f s ( im_mat0 , W3D, ' debug ' ) ;
31 p r e d _ c o e f f s {1} = a2D ;
32 p r e d _ c o e f f s {2} = a3D ;
33
34
35 %−−−E s t i m a t i o n o f Q u a n t i z a t i o n parameters−−−−−
36
37 L1 = 1 1 ;
38 L2 = 7 ;
39 L3 = 7 ;
40 dz_l = 1 . 2 5 ;
41 q_param = set_q_param ( L1 , L2 , L3 , dz_l , im_mat0 , p r e d _ c o e f f s , MC_shift , ' debug ' ) ;
42
43 %−−−−−DPCM Encode−−−−−−−−−
44 e_q3D = dpcm3D_encode ( double ( im_mat0 ) , p r e d _ c o e f f s , q_param , MC_shift ) ;
45 %SR−e n c o d i n g
46 e_q3D_coded = sr3D_encode ( e_q3D ) ;
47 r a t e = l e n g t h ( e_q3D_coded ) / l e n g t h ( e_q3D ( : ) )
48
49 %−−−−−Decode−−−−−−−−−
50 e_q3D_decoded = e_q3D ; %no SR−c o d i n g
51 %−SR−d e c o d i n g :
52 %e_q3D_decoded = sr3D_decode ( e_q3D_coded , nr_rows , nr_frames ) ;
53
54 f_rec3D = dpcm3D_decode ( e_q3D_decoded , p r e d _ c o e f f s , q_param , MC_shift ) ;
55 f o r i = 1 : s i z e ( im_mat , 3 )
56 f_rec3D ( : , : , i ) = f_rec3D ( : , : , i )+im_mat_mean ( 1 , 1 , i ) ;
57 end
58 im_mat_rec3D = u i n t 8 ( f_rec3D ) ;
59
60
61 %Recovered s e q u e n c e v s . o r i g i n a l s e q u e n c e
62 %step_im_sequence ( im_mat_rec3D )
63 f i g u r e
64 imshow ( im_mat_rec3D ( : , : , 2 ) ) ;
65 t i t l e ( ' r e c o v e r e d image , with mean ' )
66 f i g u r e
67 imshow ( u i n t 8 ( im_mat ( : , : , 2 ) ) ) ;
68 t i t l e ( ' O r i g i n a l image , with mean ' )
69
70 %−−Histograms :
71 e_q3D0 = [ e_q3D ( 1 : end , 1 , 1 ) ' e_q3D ( 1 , 1 : end , 1) ] ;
72 e_q3D1 = e_q3D ( 2 : end , 2 : end , 1 ) ;
73 e_q3D2 = e_q3D ( 2 : end , 2 : end , 2 ) ;
74 f i g u r e
75 s u b p l o t ( 3 , 1 , 1 )
76 h i s t ( e_q3D0 ( : ) ,max( e_q3D0 ( : ) )−min ( e_q3D0 ( : ) ) )
77 t i t l e ( ' Edges without p r e d i c t i o n ' )
78 %t i t l e ( ' Histogram o f q u a n t i z e r output , not p r e d i c t e d p i x e l s 1 s t frame ' )
79 s u b p l o t ( 3 , 1 , 2 )
80 h i s t ( e_q3D1 ( : ) ,max( e_q3D1 ( : ) )−min ( e_q3D1 ( : ) ) )
81 t i t l e ( ' 2D p r e d i c t i o n ' )
82 %t i t l e ( ' Histogram o f q u a n t i z e r output , 2D p r e d i c t e d p i x e l s 1 s t frame ' )
83 s u b p l o t ( 3 , 1 , 3 )
84 h i s t ( e_q3D2 ( : ) +0.5 , max( e_q3D2 ( : ) )−min ( e_q3D2 ( : ) ) )
85 t i t l e ( ' 3D p r e d i c t i o n ' )
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86 %t i t l e ( ' Histogram o f q u a n t i z e r output , 3D p r e d i c t e d frames ' )
87
88
89 %−− Compute e n t r op y and SNR :
90 %e_q3D = e_q3D ( 2 : end , 2 : end , 2 : end ) ;
91 b i n s = max( e_q3D ( : ) )−min ( e_q3D ( : ) ) ;
92 h i s t o g r a m = h i s t ( e_q3D ( : ) , b i n s ) ;
93 prob = h i s t o g r a m . /sum ( h i s t o g r a m ) ; %p r o b a b i l i t y d i s t r i b u t i o n
94 f i g u r e
95 e n tr o p y = 0 ;
96 f o r m=1: b i n s
97 i f prob (m) > 0
98 e n t r op y = e n tr o p y − prob (m) ∗ l o g 2 ( prob (m) ) ;
99 end

100 end
101 e n tr o p y
102
103 d i f f _ s i g = u i n t 8 ( im_mat ( 2 : end , 2 : end , 2 : end ) )−im_mat_rec3D ( 2 : end , 2 : end , 2 : end ) ;
104 PSNR=20∗ l o g 1 0 (255/ s t d ( double ( d i f f _ s i g ( : ) ) ) )

est_2Dpredcoeffs.m

1 f u n c t i o n [ a norm_power ] = e s t _ 2 D p r e d c o e f f s ( f ,W, debug )
2
3 i f ( n a r g i n < 3)
4 debug = 0 ;
5 e l s e
6 debug = 1 ;
7 end
8
9 %Compute a u t o c o r r e l a t i o n c o e f f i c i e n t s :

10 rho = a u t o c o r r c o e f f s _ 2 D ( f ) ;
11 rho_h=rho ( 1 ) ;
12 rho_v=rho ( 2 ) ;
13
14 W_0 = [ 0 0 ; W] ;
15 x_0 = W_0( : , 1 ) ;
16 y_0 = W_0( : , 2 ) ;
17 m = W( : , 1 ) ;
18 n = W( : , 2 ) ;
19 A = z e r o s ( l e n g t h (W_0) , l e n g t h (W) ) ;
20 r_w = z e r o s ( l e n g t h (W_0) , 1 ) ;
21 f o r i = 1 : l e n g t h (W_0)
22 r_w( i ) = rho_v ^ x_0 ( i ) ∗rho_h ^ y_0 ( i ) ;
23 f o r j = 1 : s i z e (W, 1 )
24 A( i , j ) = rho_v ^ abs ( ( x_0 ( i )−m( j ) ) ) ∗rho_h ^ abs ( ( y_0 ( i )−n ( j ) ) ) ;
25 end
26 end
27
28 a = A( 2 : end , : ) \r_w ( 2 : end ) ;
29 %power = r_w ( 1 ) ∗a ' ∗ r_w ( 2 : end ) ;
30 norm_power = 1−a ' ∗ r_w ( 2 : end ) ;
31
32 %S c a l i n g to sum to one :
33 weight = sum ( a ) ;
34 a = a/ weight ;
35 i f ( debug == 1)
36 d i s p ( ' 2D p r e d i c t i o n p a r a m e t e r s ' )
37 rho
38 A
39 r_w
40 weight
41 a
42 norm_power
43 g a i n = 1/ norm_power
44 end
45 end

est_3Dpredcoeffs.m

1 f u n c t i o n [ a norm_power ] = e s t _ 3 D p r e d c o e f f s ( f ,W, debug )
2 % W − p r e d i c t i o n window : matrix with c o o r d i n a t e s as row v e c t o r s
3 % f −i n p u t a r r a y (3D)
4
5 i f ( n a r g i n < 3)
6 debug = 0 ;
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7 e l s e
8 debug = 1 ;
9 end

10 %−−−−Compute a u t o c o r r e l a t i o n c o e f f i c i e n t s :−−−−
11 rho = a u t o c o r r c o e f f s _ 3 D ( f ) ;
12 rho_h=rho ( 1 ) ;
13 rho_v=rho ( 2 ) ;
14 rho_t=rho ( 3 ) ;
15
16 % −−−− LPC a n a l y s i s −−−−−
17 % D e f i n i n g windows and c o u n t e r s
18 W_0 = [ 0 0 0 ; W] ;
19 x_0 = W_0( : , 1 ) ;
20 y_0 = W_0( : , 2 ) ;
21 n_0 = W_0( : , 3 ) ;
22 i = W( : , 1 ) ;
23 j = W( : , 2 ) ;
24 k = W( : , 3 ) ;
25 A = z e r o s ( s i z e (W_0, 1 ) , s i z e (W, 1 ) ) ;
26 r_w = z e r o s ( s i z e (W_0, 1 ) , 1 ) ;
27 % G e n e r a t i n g matrix A and v e c t o r r_w :
28 f o r m = 1 : s i z e (W_0, 1 ) % f o r a l l ( x , y , n )
29 r_w(m) = rho_v ^ x_0 (m) ∗rho_h ^ y_0 (m) ∗ rho_t ^n_0 (m) ; %v i l d e t t e b l i noe ...

annet enn 1?
30 f o r n = 1 : s i z e (W, 1 ) % f o r a l l ( i , j , k )
31 A(m, n ) = ...

rho_v ^ abs ( x_0 (m)−i ( n ) ) ∗rho_h ^ abs ( y_0 (m)−j ( n ) ) ∗ rho_t ^ abs ( n_0 (m)−k ( n ) ) ;
32 end
33 end
34 % S o l v i n g f o r a and power :
35 a = A( 2 : end , : ) \r_w ( 2 : end ) ;
36 %power = r_w ( 1 ) ∗a ' ∗ r_w ( 2 : end )
37 norm_power = 1−a ' ∗ r_w ( 2 : end ) ;
38
39 %S c a l i n g to sum to one :
40 weight = sum ( a ) ;
41 a = a/ weight ;
42
43 i f ( debug == 1)
44 d i s p ( ' 3D p r e d i c t i o n p a r a m e t e r s ' )
45 rho
46 A
47 r_w
48 weight
49 a
50 norm_power
51 g a i n = 1/ norm_power
52 end
53 end

inv_deadzone_quantizer.m

1 f u n c t i o n x_q = inv_deadzone_quantizer ( q _ l e v e l , q_param )
2 %% Map q u a n t i z a t i o n s l e v e l back to c o r r e s p o n d i n g r e p r e s e n t a t i o n v a l u e
3 % i n p u t : q _ l e v e l − q u a n t i z a t i o n l e v e l ( i n t e g e r )
4 % d z _ o f f s e t − ( two−s i d e d ) width o f dead−zone i n t e r v a l
5 % range − one−s i d e d range
6 % L − number o f q u a n t i z a t i o n l e v e l s
7 % output : x_q − r e p r e s e n t a t i o n v a l u e
8 L = q_param.L ;
9 range = q_param.range ;

10 d z _ o f f s e t = q_param.dz_offset ;
11
12 s t e p _ s i z e = (2∗ range−d z _ o f f s e t ) /(L−1) ;
13 % x_q − r e p r e s e n t a t i o n l e v e l
14 q _ l e v e l _ u n s i g n e d = abs ( q _ l e v e l ) ;
15 %x_mapped = max(0 ,(−0 . 5 ∗( d z _ o f f s e t−s t e p _ s i z e ) ) / s t e p _ s i z e ) ;
16 x_q_unsigned = q _ l e v e l _ u n s i g n e d ∗ s t e p _ s i z e +0 . 5 ∗( d z _ o f f s e t−s t e p _ s i z e ) ;
17 x_q = s i g n ( q _ l e v e l ) ∗ x_q_unsigned ;
18 end

inv_uniform_quantizer.m

1 f u n c t i o n x_q = inv_uniform_quantizer ( q _ l e v e l , q_param )
2 %% Map q u a n t i z a t i o n l e v e l s back to c o r r e s p o n d i n g r e p r e s e n t a t i o n v a l u e
3 % i n p u t : q _ l e v e l − q u a n t i z a t i o n l e v e l ( i n t e g e r )
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4 % range − one−s i d e d range
5 % L − number o f q u a n t i z a t i o n l e v e l s
6 % output : x_q − r e p r e s e n t a t i o n v a l u e
7 L = q_param.L ;
8 range = q_param.range ;
9

10 s t e p _ s i z e = 2∗ range /L ;
11 x_q = q _ l e v e l ∗ s t e p _ s i z e ;
12 end

make_sine_image_for_video.m

1 f u n c t i o n im_sine = make_sine_image_for_video ( video_param , image_param )
2 %−−−−−−−−−−−
3 % Input : the s t r u c t s video_param and image_param
4 %−−−−−−−−−−−
5
6 % E x t r a c t i n g the s i n e p a r a m e t e r s :
7 i n t e n s i t y = i m a g e _ p a r a m . i n t e n s i t y ;
8 amplitude = image_param.sine_amplitude ;
9 a n g l e = image_param.sine_angle ;

10 % E x t r a c t i n g the video_parameters :
11 im_size = v i d e o _ p a r a m . h i g h r e s ;
12 %satcam_param = video_param.satcam_param ;
13 num_of_periods = satcam_param.image_cov_wl ;
14
15 % Making the s i n e image :
16 im_sine = make_sinus_image ( im_size , num_of_periods , i n t e n s i t y , ...

amplitude , a n g l e ) ;
17 end

make_sinus_image.m

1 f u n c t i o n im_sinus = make_sinus_image ( im_size , num_of_periods , i n t e n s i t y , ...
amplitude , a n g l e )

2 %making an image with s i n u s o i d a l s t r i p e s o f with mean " i n t e n s i t y " and
3 %amplitude " amplitude "
4
5 im_sinus=z e r o s ( im_size ) ;
6 N = s i z e ( im_sinus , 2 ) ;
7 M = s i z e ( im_sinus , 1 ) ;
8 kx = c o s ( a n g l e ∗ p i /180) ∗ num_of_periods /N;
9 ky = s i n ( a n g l e ∗ p i /180) ∗ num_of_periods /N;

10 u = ( 1 :N) ∗(2∗ kx∗ p i ) ;
11 U = ones (M, 1 ) ∗u ;
12 v = ( 1 :M) ∗(2∗ ky∗ p i ) ;
13 V = v ' ∗ ones ( 1 ,N) ;
14
15 im_sinus = amplitude ∗ s i n (U+V)+i n t e n s i t y ;
16 im_sinus = u i n t 8 (256∗ im_sinus ) ;
17 end

make_test_images_dpcm.m

1 % Make t e s t images f o r DPCM ( without MC)
2
3 % Many images , high r e s ( Very slow when SR−c o d i n g ) :
4 % N = 1 0 ; %number o f t e s t images
5 % im_size = 2 5 6 ;
6 % number_of_periods = 11 . 5 ;
7 % SNR_factor = 5 0 ;
8 % exp_time = 1 ;
9

10 % Short v e r s i o n f o r e f f i c i e n t t e s t i n g :
11 N = 5 ; %number o f t e s t images
12 im_size = 1 2 8 ;
13 number_of_periods = 11 . 5 ;
14 SNR_factor = 5 0 ;
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15 exp_time = 1 ;
16
17 sine_dc = 0 . 6 ; % DC l e v e l o f s i n e images
18 sine_amp = 0 . 0 5 ∗ sine_dc ; % Amplitude o f s i n e images
19 n o i s e _ s t d = sine_dc /( SNR_factor ∗ s q r t ( exp_time ) ) ;
20 skew_factor = 2 0 ;
21 a n g l e = 1 0 ;
22 s i n e _ a n g l e s = a n g l e +skew_factor ∗ rand ( 1 ,N) ; % Angles around 45 d e g r e e s ;
23 %s i n e _ a n g l e s = 45+ z e r o s ( 1 ,N) ; %c o n s t a n t a n g l e
24 im_mat = u i n t 8 ( z e r o s ( im_size , im_size , N) ) ;
25 f o r i = 1 :N
26 im_sine = make_sinus_image ( im_size , number_of_periods , sine_dc , sine_amp , ...

s i n e _ a n g l e s ( i ) ) ;
27 im_mat ( : , : , i ) = im_sine+( u i n t 8 (256∗ n o i s e _ s t d ∗ randn ( im_size ) ) ) ;
28 end
29
30 video_mat = double ( im_mat ) ;

make_test_images_dpcm_mc.m

1 % Make t e s t images f o r DPCM ( with MC)
2 video_param = s t r u c t ( ' s i z e _ o u t ' , [ 1 2 8 1 2 8 ] , ' fr am es ' , 5 , ' f r a m e _ s h i f t ' , ...

f r a m e _ s h i f t , . . .
3 ' frame_rate ' , 1 , ' h i g h r e s ' , [ 1 2 8 1 0 2 4 ] , ' exp_time ' , 1) ;
4 image_param = s t r u c t ( ' i n t e n s i t y ' , 0 .6 , ' SNR_factor ' , 50) ;
5 %h i g h r e s _ t e s t _ i m = make_sine_image_for_video ( video_param , image_param ) ;
6 im_size = v i d e o _ p a r a m . h i g h r e s ;
7 num_of_periods = 2 0 ∗ 8 ;
8 i n t e n s i t y = 0 . 6 ;
9 amplitude = 0 . 0 5 ∗ i n t e n s i t y ;

10 a n g l e = 0 ;
11 h i g h r e s _ t e s t _ i m = make_sinus_image ( im_size , num_of_periods , i n t e n s i t y , ...

amplitude , a n g l e ) ;
12
13 video_mat = video_maker ( highres_test_im , video_param , image_param ) ;

plotQ.m

1 f u n c t i o n plotQ ( q_param , t e x t )
2 s t r u c t _ l e n = s i z e ( f i e l d n a m e s ( q_param ) , 1 ) ;
3 i f ( s t r u c t _ l e n == 2) %uniform q u a n t i z e r
4 range = q_param.range ;
5 x = −range : 0 . 0 1 : range ;
6 x_q = u n i f o r m _ q u a n t i z e r ( x , q_param ) ;
7 e l s e % deadzone q u a n t i z e r
8 range = q_param.range ;
9 x = −range : 0 . 0 1 : range ;

10 x_q = d ea d zo ne _q u an ti ze r ( x , q_param ) ;
11 end
12 p l o t ( x , x_q )
13 t i t l e ( [ ' L e v e l s ' t e x t ] )
14 x l a b e l ( ' x ' )
15 y l a b e l ( 'Q( x ) ' )
16 end

set_q_param.m

1 f u n c t i o n q_param = set_q_param ( L1 , L2 , L3 , dz_loading , f , p r e d _ c o e f f s , MC_shift , debug )
2
3 i f ( n a r g i n < 3)
4 debug = 0 ;
5 e l s e
6 debug = 1 ;
7 end
8
9 l o a d i n g = 5 ;

10
11 %e n c o d i n g without q u a n t i z a t i o n :
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12 e_q = dpcm3D_encode ( double ( f ) , p r e d _ c o e f f s , 0 , MC_shift ) ;
13
14 %Grouping p i x e l s i n p r e d i c t i o n c a t e g o r i e s :
15 % Group 1 : without p r e d i c t i o n
16 e_q1 = [ e_q ( 1 : end , 1 , 1 ) ' e_q ( 1 , 1 : end , 1) ] ;
17 % Group 2 : 2D p r e d i c t e d
18 e_q2 = e_q ( 2 : end , 2 : end , 1 ) ;
19 % Group 3 : 3D p r e d i c t e d
20 e_q3 = e_q ( 2 : end , 2 : end , 2 : end ) ;
21
22 %Compute s t a n d a r d d e v i a t i o n o f d i f f e r e n t p r e d i c t i o n c a t e g o r i e s :
23 std_eq1 = s t d ( e_q1 ( : ) ) ; %b e t t e r to e s t i m a t e from the whole image ?
24 std_eq2 = s t d ( e_q2 ( : ) ) ;
25 std_eq3 = s t d ( e_q3 ( : ) ) ;
26
27 %Compute q u a n t i z a t i o n p a r a m e t e r s :
28 range1 = std_eq1 ; %compute d i f f e r e n t l y ?
29
30 range2 = std_eq2 ∗ l o a d i n g ;
31 range3 = std_eq3 ∗ l o a d i n g ;
32
33 d z _ o f f s e t 2 = 2∗ std_eq2 ∗ dz_loading ;
34 d z _ o f f s e t 3 = 2∗ std_eq3 ∗ dz_loading ;
35
36 q_param = c e l l ( 1 , 3 ) ;
37 q_param{1} = s t r u c t ( 'L ' , L1 , ' range ' , range1 ) ;
38 q_param{2} = s t r u c t ( 'L ' , L2 , ' range ' , range2 , ' d z _ o f f s e t ' , d z _ o f f s e t 2 ) ;
39 q_param{3} = s t r u c t ( 'L ' , L3 , ' range ' , range3 , ' d z _ o f f s e t ' , d z _ o f f s e t 3 ) ;
40
41
42 i f ( debug ==1)
43 d i s p ( ' Q u a n t i z e r 1 ' )
44 std_eq1
45 f i g u r e
46 s u b p l o t ( 3 , 1 , 1 )
47 d i s p ( q_param {1})
48 plotQ ( q_param {1} , ' Q u a n t i z e r 1 ' )
49
50 d i s p ( ' Q u a n t i z e r 2 ' )
51 std_eq2
52 s u b p l o t ( 3 , 1 , 2 )
53 d i s p ( q_param {2})
54 plotQ ( q_param {2} , ' Q u a n t i z e r 2 ' )
55
56 d i s p ( ' Q u a n t i z e r 3 ' )
57 std_eq3
58 s u b p l o t ( 3 , 1 , 3 )
59 d i s p ( q_param {3})
60 plotQ ( q_param {3} , ' Q u a n t i z e r 3 ' )
61
62 %P l o t t i n g h i s t o g r a m o f d i f f e r e n t frame o u t p u t s :
63 % f i g u r e
64 % h i s t ( e_q1 ( : ) ,max( e_q1 ( : ) )−min ( e_q1 ( : ) ) )
65 % t i t l e ( ' Histogram o f q u a n t i z e r output frame 1 , e d g e s without p r e d i c t i o n ' )
66 % f i g u r e
67 % h i s t ( e_q2 ( : ) ,max( e_q2 ( : ) )−min ( e_q2 ( : ) ) )
68 % t i t l e ( ' Histogram o f q u a n t i z e r output frame 1 , 2D p r e d i c t i o n ' )
69 % f i g u r e
70 % h i s t ( e_q3 ( : ) ,max( e_q3 ( : ) )−min ( e_q3 ( : ) ) )
71 % t i t l e ( ' Histogram o f q u a n t i z e r f o r 3D p r e d i c t e d frames ' )
72 f i g u r e
73 s u b p l o t ( 3 , 1 , 1 )
74 h i s t ( e_q1 ( : ) ,max( e_q1 ( : ) )−min ( e_q1 ( : ) ) )
75 t i t l e ( ' Edges without p r e d i c t i o n ' )
76 a x i s ([−15 15 0 3 0 ] )
77 s u b p l o t ( 3 , 1 , 2 )
78 h i s t ( e_q2 ( : ) ,max( e_q2 ( : ) )−min ( e_q2 ( : ) ) )
79 t i t l e ( ' 2D p r e d i c t i o n ' )
80 a x i s ([−15 15 0 3 0 0 0 ] )
81 s u b p l o t ( 3 , 1 , 3 )
82 h i s t ( e_q3 ( : ) ,max( e_q3 ( : ) )−min ( e_q3 ( : ) ) )
83 t i t l e ( ' 3D p r e d i c t i o n ' )
84 a x i s ([−15 15 0 1 5 0 0 0 ] )
85 end
86 end

set_q_param.new.m

1 f u n c t i o n q_param = set_q_param ( L1 , d e l t a 2 , d e l t a 3 , tau , f , p r e d _ c o e f f s , MC_shift , debug )
2
3 i f ( n a r g i n < 3)
4 debug = 0 ;
5 e l s e
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6 debug = 1 ;
7 end
8
9 l o a d i n g = 5 ;

10 %e n c o d i n g without q u a n t i z a t i o n :
11 e_q = dpcm3D_encode ( double ( f ) , p r e d _ c o e f f s , 0 , MC_shift ) ;
12
13 %Grouping p i x e l s i n p r e d i c t i o n c a t e g o r i e s :
14 % Group 1 : without p r e d i c t i o n
15 e_q1 = [ e_q ( 1 : end , 1 , 1 ) ' e_q ( 1 , 1 : end , 1) ] ;
16 % Group 2 : 2D p r e d i c t e d
17 e_q2 = e_q ( 2 : end , 2 : end , 1 ) ;
18 % Group 3 : 3D p r e d i c t e d
19 e_q3 = e_q ( 2 : end , 2 : end , 2 : end ) ;
20
21 %Compute s t a n d a r d d e v i a t i o n o f d i f f e r e n t p r e d i c t i o n c a t e g o r i e s :
22 std_eq1 = s t d ( e_q1 ( : ) ) ; %b e t t e r to e s t i m a t e from the whole image ?
23 std_eq2 = s t d ( e_q2 ( : ) ) ;
24 std_eq3 = s t d ( e_q3 ( : ) ) ;
25
26 %Compute q u a n t i z a t i o n p a r a m e t e r s :
27 range1_temp = 2∗ std_eq1 ; %compute d i f f e r e n t l y ?
28
29 range2_temp = std_eq2 ∗ l o a d i n g ;
30 range3_temp = std_eq3 ∗ l o a d i n g ;
31
32 d z _ o f f s e t 2 = 2∗ std_eq2 ∗ tau ;
33 d z _ o f f s e t 3 = 2∗ std_eq3 ∗ tau ;
34
35 s t e p _ s i z e 1 = d e l t a 1 ∗ std_eq1
36
37 q_param = c e l l ( 1 , 3 ) ;
38 q_param{1} = s t r u c t ( 'L ' , L1 , ' range ' , range1 ) ;
39 q_param{2} = s t r u c t ( 'L ' , L2 , ' range ' , range2 , ' d z _ o f f s e t ' , d z _ o f f s e t 2 ) ;
40 q_param{3} = s t r u c t ( 'L ' , L3 , ' range ' , range3 , ' d z _ o f f s e t ' , d z _ o f f s e t 3 ) ;
41
42
43 i f ( debug ==1)
44 d i s p ( ' Q u a n t i z e r 1 ' )
45 std_eq1
46 f i g u r e
47 s u b p l o t ( 3 , 1 , 1 )
48 d i s p ( q_param {1})
49 plotQ ( q_param {1} , ' Q u a n t i z e r 1 ' )
50
51 d i s p ( ' Q u a n t i z e r 2 ' )
52 std_eq2
53 s u b p l o t ( 3 , 1 , 2 )
54 d i s p ( q_param {2})
55 plotQ ( q_param {2} , ' Q u a n t i z e r 2 ' )
56
57 d i s p ( ' Q u a n t i z e r 3 ' )
58 std_eq3
59 s u b p l o t ( 3 , 1 , 3 )
60 d i s p ( q_param {3})
61 plotQ ( q_param {3} , ' Q u a n t i z e r 3 ' )
62
63 %P l o t t i n g h i s t o g r a m o f d i f f e r e n t frame o u t p u t s :
64 % f i g u r e
65 % h i s t ( e_q1 ( : ) ,max( e_q1 ( : ) )−min ( e_q1 ( : ) ) )
66 % t i t l e ( ' Histogram o f q u a n t i z e r output frame 1 , e d g e s without p r e d i c t i o n ' )
67 % f i g u r e
68 % h i s t ( e_q2 ( : ) ,max( e_q2 ( : ) )−min ( e_q2 ( : ) ) )
69 % t i t l e ( ' Histogram o f q u a n t i z e r output frame 1 , 2D p r e d i c t i o n ' )
70 % f i g u r e
71 % h i s t ( e_q3 ( : ) ,max( e_q3 ( : ) )−min ( e_q3 ( : ) ) )
72 % t i t l e ( ' Histogram o f q u a n t i z e r f o r 3D p r e d i c t e d frames ' )
73 f i g u r e
74 s u b p l o t ( 3 , 1 , 1 )
75 h i s t ( e_q1 ( : ) ,max( e_q1 ( : ) )−min ( e_q1 ( : ) ) )
76 t i t l e ( ' Edges without p r e d i c t i o n ' )
77 a x i s ([−15 15 0 3 0 ] )
78 s u b p l o t ( 3 , 1 , 2 )
79 h i s t ( e_q2 ( : ) ,max( e_q2 ( : ) )−min ( e_q2 ( : ) ) )
80 t i t l e ( ' 2D p r e d i c t i o n ' )
81 a x i s ([−15 15 0 3 0 0 0 ] )
82 s u b p l o t ( 3 , 1 , 3 )
83 h i s t ( e_q3 ( : ) ,max( e_q3 ( : ) )−min ( e_q3 ( : ) ) )
84 t i t l e ( ' 3D p r e d i c t i o n ' )
85 a x i s ([−15 15 0 1 5 0 0 0 ] )
86 end
87 end

sr3D_decode.m
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1 f u n c t i o n im_sequence = sr3D_decode ( b i t c o d e d _ v e c t o r , frame_res , nr_frames )
2 nr_px = frame_res ∗ frame_res ∗ nr_frames ;
3 coded_vector = b i t s 2 s y m b o l ( b i t c o d e d _ v e c t o r , ' char ' ) ;
4 decoded_vector = SRdecode ( coded_vector , nr_px , ' char ' ) ;
5 decoded_array = r e s h a p e ( decoded_vector , frame_res , frame_res , nr_frames ) ;
6 im_sequence = permute ( decoded_array , [ 2 1 3 ] ) ; %" t r a n s p o s e " the fr am es back
7
8 % nr_rows = l e n g t h ( bitcoded_rows ) ;
9 % nr_frames = nr_rows / frame_res ;

10 % im_sequence = z e r o s ( frame_res , frame_res , nr_frames ) ;
11 % f o r k = 1 : nr_rows
12 % coded_row = b i t s 2 s y m b o l ( bitcoded_rows {k })
13 % row_index = mod( k , fram_res )
14 % frame_index = mod( k ,
15 % im_sequence (
16 % end
17 %
18 end

sr3D_encode.m

1 f u n c t i o n b i t c o d e d _ v e c t o r = sr3D_encode ( array_in )
2 % Encode t h r e e−d i m e n s i o n a l a r r a y with SRencode
3 array_in = permute ( array_in , [ 2 1 3 ] ) ; %" t r a n s p o s e " each frame
4 v e c t o r _ i n = array_in ( : ) ; %r e s h a p e i n t o v e c t o r
5 coded_vector = SRencode ( vector_in , ' char ' ) ;
6 b i t c o d e d _ v e c t o r = s y m b o l 2 b i t s ( coded_vector ) ;
7 end

uniform_quantizer.m

1 f u n c t i o n q _ l e v e l = u n i f o r m _ q u a n t i z e r ( x , q_param )
2 %% −−Q u a n t i z a t i o n with uniform deadzone q u a n t i z e r
3 % i n p u t : x − i n p u t s i g n a l ( one sample )
4 % d z _ o f f s e t − ( two−s i d e d ) width o f dead−zone i n t e r v a l
5 % range − one−s i d e d range
6 % L − number o f q u a n t i z a t i o n l e v e l s
7 % output : q u a n t i z a t i o n l e v e l f o r sample x
8 %% −−−−−−−
9 L = q_param.L ;

10 range = q_param.range ;
11
12 % Compute s t e p s i z e o u t s i d e deadzone
13 s t e p _ s i z e = 2∗ range /L ;
14 % Compute maximum q u a n t i z a t i o n l e v e l
15 %max_q_level = ( d z _ o f f s e t+s t e p _ s i z e ∗(L−1)−s t e p _ s i z e ∗0 . 5 ) / 2 ;
16 max_q_level = range−0. 5 ∗ s t e p _ s i z e ;
17 %c l i p i n p u t o u t s i d e the q u a n t i z e r range :
18 x_clipped = min ( abs ( x ) , max_q_level ) ;
19
20 %map to one−s i d e d uniform midtread with s t e p _ s i z e =1
21 x_mapped = max ( 0 , ( x _ c l i p p e d . / s t e p _ s i z e ) ) ;
22 % add s i g n back :
23 x_signed = s i g n ( x ) . ∗x_mapped ;
24
25 % s h i f t s i g n a l to g e t a l l−p o s i t i v e v a l u e s :
26 x_pos = x_signed+L+1;
27 % round to n e a r e s t i n t e g e r and add s i g n :
28 q_level_pos = round ( x_pos ) ;
29 % s h i f t s i g n a l back
30 q _ l e v e l = q_level_pos−(L+1) ;
31 end

video_maker.m

1 f u n c t i o n v i d e o = video_maker ( im_in , video_param , image_param )
2 s i z e _ o u t = video_param.size_out ;
3 f ra me s = video_param.frames ;
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4 f r a m e _ s h i f t = v i d e o _ p a r a m . f r a m e _ s h i f t ;
5 exp_time = video_param.exp_time ;
6 SNR_factor = image_param.SNR_factor ;
7 i n t e n s i t y = i m a g e _ p a r a m . i n t e n s i t y ;
8
9 i f ( SNR_factor ==0)

10 n o i s e _ s t d = 0 ;
11 e l s e
12 n o i s e _ s t d = i n t e n s i t y /( SNR_factor ∗ s q r t ( exp_time ) ) ;
13 end
14 %n o i s e _ s t d = n o i s e _ s t d _ n o r m a l i z e d ∗ s q r t ( exp_time ) ;
15 r e s _ r a t i o = min ( s i z e ( im_in ) . / s i z e _ o u t ) ; %The r a t i o between the low and high ...

r e s o l u t i o n , assuming a r e c t a n g u l a r image
16 v i d e o = z e r o s ( [ s i z e _ o u t fr am es ] ) ; %Making a 3 dim matrix f o r video , l a s t ...

i n d e x i s frame number
17 f o r i = 1 : f ra me s
18 y=0;
19 x=0;
20 s h i f t _ h i g h r e s = f r a m e _ s h i f t . ∗ r e s _ r a t i o ;
21 s i z e _ h i g h r e s = s i z e _ o u t . ∗ r e s _ r a t i o ;
22 y = ( ( 1 : s i z e _ h i g h r e s ( 1 ) )+round ( s h i f t _ h i g h r e s ( 1 ) ∗( i−1) ) ) ; %must round to ...

make i n t e g e r i n d e x . Any b e t t e r s o l u t i o n s ? I n t e r p o l a t i o n ?
23 x = ( ( 1 : s i z e _ h i g h r e s ( 2 ) )+round ( s h i f t _ h i g h r e s ( 2 ) ∗( i−1) ) ) ;
24 i f ( ( y ( end ) <= s i z e ( im_in , 1 ) ) && ( x ( end ) <= s i z e ( im_in , 2 ) ) ) %c h e k i n g i f ...

the i n p u t image i s l a r g e enough
25 im_highres = im_in ( y , x ) ;
26 im_lowres = i m r e s i z e ( im_highres , s i z e _ o u t ) ;
27 e l s e
28 i = fr am es +1; %( noen s m a r t e r e åmte å a v b r y t e ø f o r l k k e åp ? )
29 end
30 v i d e o ( : , : , i ) = im_lowres+( u i n t 8 (256∗ n o i s e _ s t d ∗ randn ( s i z e _ o u t ) ) ) ;
31 %v i d e o ( : , : , i ) = im_lowres ;
32 end
33 end

E.3 Stack-run coding
The following code was used for SR- encoding and decoding in the simulations of
the DPCM algortihm, and is made by Anna Kim.

bit2int.m

1 f u n c t i o n N =b i t 2 i n t ( b i t s )
2 % c o n v e r t b i t s to i n t e g e r s .
3
4 n = l e n g t h ( b i t s )−1;
5 w =2 . ^ ( n :−1:0) ;
6 N = sum ( b i t s . ∗w) ;

bits2symbol.m

1 f u n c t i o n symbols = b i t s 2 s y m b o l ( b i t s ,FMT)
2 % c o n v e r t b i t s back to symbols
3 % b i t s dimension 2xL
4 L = s i z e ( b i t s , 2 ) ;
5
6 i f n a r g i n == 1 | | strcmp (FMT, ' double ' )==1
7 symbols = z e r o s ( 1 , L) ;
8 f o r l = 1 : L
9 i f b i t s ( : , l ) ==[1 1 ] '

10 symbols ( l ) = 3 ;
11 e l s e i f b i t s ( : , l ) ==[1 0 ] '
12 symbols ( l ) = 2 ;
13 e l s e i f b i t s ( : , l ) ==[0 1 ] '
14 symbols ( l ) = 1 ;
15 e l s e i f b i t s ( : , l ) ==[0 0 ] '
16 symbols ( : , l ) = 0 ;
17 e l s e
18 symbols ( : , l ) = −1;
19 end
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20 end
21 e l s e
22 symbols = repmat ( '+ ' , 1 , L) ;
23 f o r l = 1 : L
24 i f b i t s ( : , l ) ==[1 1 ] '
25 symbols ( l ) = '+ ' ;
26 e l s e i f b i t s ( : , l ) ==[1 0 ] '
27 symbols ( l ) = '− ' ;
28 e l s e i f b i t s ( : , l ) ==[0 1 ] '
29 symbols ( l ) = ' 1 ' ;
30 e l s e i f b i t s ( : , l ) ==[0 0 ] '
31 symbols ( : , l ) = ' 0 ' ;
32 e l s e
33 symbols ( : , l ) = ' s ' ;
34 end
35 end
36 end

int2bit.m

1 % c o n v e r t i n t e g e r to b i t s . we use l i t t l e Endian.
2 % N: i n p u t i n t e g e r . n : number o f b i t s f o r o u t p u t .
3 % n must be g r e a t e r or e q u a l to l o g 2 (N) .
4 f u n c t i o n b i t s = i n t 2 b i t (N, n )
5 i f n a r g i n == 1
6
7 i f N ==0 | | N ==1
8 b i t s = rem (N, 2 ) ;
9 e l s e

10 n = f l o o r ( l o g 2 (N) ) +1;
11 b i t s = z e r o s ( 1 , n ) ;
12 f o r i = 1 : n
13 b i t s ( i ) = rem (N, 2 ) ;
14 %N = N−2^(n−i +1) ;
15 %N = N−2^ i ;%
16 N=(N−b i t s ( i ) ) /2 ;
17 end
18 b i t s = f l i p l r ( b i t s ) ;
19 end
20
21 e l s e
22 b i t s = z e r o s ( 1 , n ) ;
23
24 i f N ==0 | | N ==1
25 b i t s ( end ) = rem (N, 2 ) ;
26 e l s e
27
28 f o r i = 1 : n
29 b i t s ( i ) = rem (N, 2 ) ;
30 %N = N−2^(n−i +1) ;
31 %N = N−2^ i ;%
32 N=(N−b i t s ( i ) ) /2 ;
33 end
34 b i t s = f l i p l r ( b i t s ) ;
35 end
36
37
38
39 end

SRdecode.m

1 f u n c t i o n x = SRdecode (Y, output_length ,FMT)
2 %SR_decode This i s the d e c o d e r o f the s t a c k run run−l e n g t h e n c o d e r .
3 %
4 % INPUT : Y i s an a r r a y o f i n t e g e r s c o n t a i n 3 , 2 , 1 , 0 or s t r i n g s
5 % c o n t a i n '+ ,− ,1 ,0 ' .
6 % FMT i s the s t r i n g i n d i c a t i n g format o f i n p u t . ' char ' or ' double '
7 % a r e a l l o w e d . ' double ' i s d e f a u l t f o r m a t .
8 % output_length i s the d e s i r e d output l e n g t h .
9 %

10 % OUTPUT: x i s an a r r a y o f i n t e g e r s .
11 %
12 %
13
14
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15 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
16 % by A. Kim
17 % date c r e a t e d : 02 . 1 0 . 2 0 1 1
18 % l a s t change : 02 . 1 0 . 2 0 1 1
19 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
20 %
21 x = [ ] ;
22
23 i f n a r g i n == 0
24 f p r i n t f ( 'ERROR: no i n p u t g i v e n ' ) ;
25 e l s e i f n a r g i n ==1 | | n a r g i n == 2 | | strcmp (FMT, ' double ' )==1
26 y = Y;
27 e l s e i f strcmp (FMT, ' char ' )==1
28 % c o n v e r t i n g s t r i n g i n t o to d o u b l e .
29 y (Y=='+ ' ) = 3 ;
30 y (Y=='− ' ) = 2 ;
31 y (Y==' 1 ' ) = 1 ;
32 y (Y==' 0 ' ) = 0 ;
33 e l s e
34 f p r i n t f ( 'ERROR: unknown i n p u t f o r m a t . ' ) ;
35 y = [ ] ;
36 end
37
38
39
40
41 w h i l e ~ isempty ( y )
42 i f l e n g t h ( y )>1
43 % f i n d the '+ ' , '− ' , ' 1 ' and ' 0 ' p o s i t i o n s
44 PM_pos = f i n d ( y==3| y==2) ;
45 OZ_pos = f i n d ( y==1|y==0) ;
46
47 % y always s t a r t s with the symbol '+ ' or '− '
48
49 i f isempty ( OZ_pos ) % o n l y runs o f z e r o s .
50 temp3 = y ( 1 : l e n g t h ( y ) ) ;
51 y = [ ] ;
52 temp3 ( temp3==3)=1;
53
54 temp3 ( temp3==2)=0;
55
56 numbr = b i t 2 i n t ( [ 1 temp3 ] ) ;
57
58 % check i f the l e n g t h i s 2^ k−1
59
60 i f round ( l o g 2 ( ( numbr ) +1) )−l o g 2 ( ( numbr ) +1)==0
61 r l = b i t 2 i n t ( temp3 ) ;
62 r l _ z e r o s = z e r o s ( 1 , r l ) ;
63 e l s e
64 r l _ z e r o s = z e r o s ( 1 , numbr ) ;
65 end
66
67
68 x = [ x r l _ z e r o s ] ;
69
70 e l s e i f isempty (PM_pos) % o n l y 1 or z e r o s . ( not v a l i d code word )
71 x = y ;
72 y = [ ] ;
73 e l s e i f ~ isempty ( OZ_pos ) && OZ_pos ( 1 )==2 % f i r s t codeword i s none−z e r o v a l u e
74
75 % check the s i g n o f the none−z e r o v a l u e .
76 i f y (PM_pos ( 1 ) )==3
77 nz_sign = 1 ;
78 e l s e i f y (PM_pos ( 1 ) )==2
79 nz_sign = −1;
80 end
81
82
83 %c o n v e r t the b i n a r y i n t o d e c i m a l .
84 % remove the codeword from y
85
86 i f l e n g t h (PM_pos)>1
87 temp = [ 1 y ( 2 : PM_pos ( 2 )−1) ] ;
88 y = y (PM_pos ( 2 ) : l e n g t h ( y ) ) ;
89
90 e l s e% no o t h e r v a l i d e codeword i n the i n p u t .
91 temp = [ 1 y ( 2 : l e n g t h ( y ) ) ] ;
92 y = [ ] ;
93 end
94
95
96 x = [ x nz_sign ∗( b i t 2 i n t ( temp )−1) ] ;
97
98 e l s e i f OZ_pos ( 1 ) ==1 %f i r s t codword i s 1/0 . decode as 1/0 .
99 x = [ x y ( 1 ) ] ;

100
101 % remove codeword.
102 y = y ( 2 : l e n g t h ( y ) ) ;
103
104 e l s e i f OZ_pos ( 1 )>2% f i r s t code word i s run l e n g t h o f z e r o s .
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105 %i f ~ isempty ( OZ_pos )
106 temp3 = y ( 1 : OZ_pos ( 1 )−2) ;% remember the nz v a l has MSB.
107 y = y ( OZ_pos ( 1 )−1: l e n g t h ( y ) ) ;
108
109 temp3 ( temp3==3)=1;
110
111 temp3 ( temp3==2)=0;
112
113 numbr = b i t 2 i n t ( [ 1 temp3 ] ) ;
114
115
116 i f round ( l o g 2 ( ( numbr ) +1) )−l o g 2 ( ( numbr ) +1)==0 % i f the l e n g t h i s ...

2^ k−1
117 r l = b i t 2 i n t ( temp3 ) ; % then a l l b i t s a r e t h e r e
118 r l _ z e r o s = z e r o s ( 1 , r l ) ;
119 e l s e % i f not , need the one with added b i t s .
120 r l _ z e r o s = z e r o s ( 1 , numbr ) ;
121 end
122
123
124 x = [ x r l _ z e r o s ] ;
125 end
126
127 e l s e i f l e n g t h ( y )==1
128 i f y == 3 | | y == 0% h e r e y = +, then o n l y 1 z e r o i s l e f t .
129 x = [ x 0 ] ;
130 e l s e i f y == 2 % h e r e y = −, two z e r o s a r e l e f t .
131 x = [ x 0 0 ] ;
132 e l s e i f y == 1
133 x = [ x 1 ] ;
134
135 end
136 y = [ ] ;
137 end
138 end
139
140
141 %check to s e e i f x i s at the r i g h t l e n g t h .
142 i f n a r g i n >=2
143 i f output_length > l e n g t h ( x )
144 x = [ x z e r o s ( 1 , output_length−l e n g t h ( x ) ) ] ;
145 e l s e
146 x = x ( 1 : output_length ) ;
147 end
148 end

SRencode.m

1 f u n c t i o n Y = SRencode ( x ,FMT)
2
3 % SRencode SR ( Stack−Run) run−l e n g t h encoder , encode the l e n g t h o f z e r o s and ...

v a l u e o f
4 % non−z e r o e l e m e n t s . [ Tsai ' 9 6 ]
5 %
6 %
7 %
8 % The SRencode t a k e s i n p u t o f an a r r a y c o n t a i n s z e r o s and non−z e r o v a l u e s
9 % o u t p u t s a s t r i n g a r r a y c o n s i s t s o f f o u r symbols : + ,− ,0 ,1

10 %
11 % a l l non−z e r o v a l u e s a r e f i r s t i n c r e m e n t e d ( or decremented ) by 1 .
12 % 0 ,1 a r e used to d e s c r i b e the LSB o f the non−z e r o v a l u e s i n b i n a r y .
13 % +,− a r e used to d e s c r i b e the MSB and s i g n o f non−z e r o v a l u e s i n b i n a r y
14 %
15 %
16 % + i s 1 and − i s 0 i n d e s c r i b i n g the run−l e n g t h o f z e r o s i n b i n a r y .
17 % the MSB ( s i n c e i t ' s always 1) i s omitted , e x c e p t when the run l e n g t h i s
18 % 2^ k−1, where k i s an i n t e g e r .
19 %
20 %
21 % INPUT : ' x ' e . g . q u a n t i z a t i o n l e v e l s , a r r a y i n d o u b l e .
22 % FMT i s a s t r i n g i d e n t i f i e s the output format , can be ' char ' ,
23 % or ' double ' . d e f a u l t format i s ' double ' .
24 % OUTPUT: Y i s the output a r r a y . when FMT i s NOT ' char ' , '+ ' becomes 3 and
25 % '− ' becomes 2 .
26 %
27 % Example : x = [−11 0 0 0 34 0 0 0 0 2 1 0 0 0 5 ] ;
28 % y = SRencode ( x , ' char ' )
29 % y = −100+++00011−−+1+0+++10
30 %
31 %
32
33 % %%%%%%%%%%%%%%%%%%%%%%%%
34 % by A. Kim
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35 % date : 28 . 0 2 . 2 0 1 1
36 % l a s t change : 24 . 0 9 . 2 0 1 1
37 % %%%%%%%%%%%%%%%%%%%%%%%%%%
38
39
40 %pre a l l o c a t e codeword s i z e . −1 i s dummy b i t .
41 y = −ones ( s i z e ( x ) ) ;
42
43 s i z e y 1 = 1 ; %s t a r t i n g p o s i t i o n o f the codeword
44 s i z e y 2 = 0 ; %end p o s i t i o n .
45
46 w h i l e ~ isempty ( x ) % check i f x has any v a l u e
47
48 i f isempty ( f i n d ( x ~=0 , 1) )% x has o n l y z e r o s .
49
50 RLbin_str = i n t 2 b i t ( l e n g t h ( x ) ) ;
51
52 % c h e c k i n g to s e e i f run−l e n g t h i s 2^ k−1
53 i f round ( l o g 2 ( l e n g t h ( x ) +1) )−l o g 2 ( l e n g t h ( x ) +1)~=0
54
55 RLbin_str = RLbin_str ( 2 : l e n g t h ( RLbin_str ) ) ;
56
57 end
58
59 % mapping to '+ ' , '− ' . where '+ ' i s 3 , '− ' i s 2 .
60 RLbin_str = RLbin_str +2;
61
62
63 %d e t e r m i n e end p o s i t i o n o f codeword
64 s i z e y 2 = s i z e y 2+l e n g t h ( RLbin_str ) ;
65
66 % remove the encoded z e r o s .
67 x = [ ] ;
68
69 % a s s i g n to output and update s t a r t i n g p o s i t i o n o f codeword
70 y ( s i z e y 1 : s i z e y 2 )=RLbin_str ;
71 s i z e y 1 = s i z e y 2 +1;
72
73
74 e l s e % x has both z e r o and nonzero e l e m e n t s
75
76
77 i f x ( 1 )==0 % when f i r s t element i s zero , code run l e n g t h :
78
79 % d e t e r m i n e l e n g t h o f z e r o s , c o n v e r t to b i n a r y .
80 marker = l e n g t h ( x ( 1 : f i n d ( x ~=0 , 1 )−1) ) ;
81 RLbin_str = i n t 2 b i t ( marker ) ;
82
83 % c h e c k i n g to s e e i f run−l e n g t h i s 2^ k−1, i f not remove MSB
84 i f round ( l o g 2 ( marker +1) )−l o g 2 ( marker +1)~=0
85
86 RLbin_str = RLbin_str ( 2 : l e n g t h ( RLbin_str ) ) ;
87
88 end
89
90 %change 0 , to −, 1 to +
91
92 RLbin_str = RLbin_str +2;
93
94
95 %update codeword s t a r t and end p o s i t i o n s and output a r r a y
96 s i z e y 2 = s i z e y 2+l e n g t h ( RLbin_str ) ;
97
98 y ( s i z e y 1 : s i z e y 2 )=RLbin_str ;
99 s i z e y 1 = s i z e y 2 +1;

100
101
102
103 % remove the encoded z e r o s from i n p u t a r r a y
104 x = x ( f i n d ( x ~=0 ,1) : l e n g t h ( x ) ) ;
105
106
107
108 e l s e % encode the f i r s t nonzero v a l u e
109
110
111 % f i r s t i n c r e m e n t the a b s o l u t e v a l u e by 1 . r e t a i n s i g n .
112 nz_val = abs ( x ( 1 ) ) +1;
113
114 %NZbin_str = d e c 2 b i n ( abs ( nz_val ) ) ;
115 NZbin_str = i n t 2 b i t ( nz_val ) ;
116
117 % change the MSB i n t o '+ ' or '− '
118 i f s i g n ( x ( 1 ) )>0
119 NZbin_str ( 1 ) =3; % '+ ' i s 3
120 e l s e
121
122 NZbin_str ( 1 ) =2;% '− ' i s 2 ;
123 end
124
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125 % update codeword p o s i t i o n s and output a r r a y
126 s i z e y 2 = s i z e y 2+l e n g t h ( NZbin_str ) ;
127 y ( s i z e y 1 : s i z e y 2 )=NZbin_str ;
128 s i z e y 1 = s i z e y 2 +1;
129
130
131
132 % remove the nonzero v a l u e from i n p u t a r r a y
133 i f l e n g t h ( x )==1 % come to the l a s t element
134 x = [ ] ;
135 e l s e
136 x = x ( 2 : l e n g t h ( x ) ) ;
137
138 end
139
140
141 end
142
143 end
144
145
146
147
148
149 end
150
151 % remove the dummy b i t s −1;
152
153 y = y ( y>=0) ;
154
155 i f n a r g i n==1 | | strcmp (FMT, ' double ' )==1
156 Y = y ;
157
158 e l s e i f strcmp (FMT, ' char ' )==1
159
160 Y( y==3) = '+ ' ;
161 Y( y==2) = '− ' ;
162 Y( y==0) = ' 0 ' ;
163 Y( y==1) = ' 1 ' ;
164
165 e l s e
166 f p r i n t f ( 'ERROR: unknown output f o r m a t . ' ) ;
167 Y = [ ] ;
168 end

symbol2bits.m

1 f u n c t i o n b i t s = s y m b o l 2 b i t s ( symbols )
2 % c o n v e r t s symbols o f + ,− ,0 ,1 i n t o b i t s
3 % u s e s 2 b i t s per symbol +: 11 −: 10 1 : 01 , 0 : 0 0
4 % −1 i s the dummy b i t . i t i s t r a n s f o r m e d i n t o [−1 −1];
5
6 b i t s = z e r o s ( 2 , s i z e ( symbols , 2 ) ) ;
7
8 f o r i = 1 : s i z e ( symbols , 2 )
9 i f symbols ( i ) =='+ ' | | symbols ( i )==3

10 b i t s ( : , i ) = [ 1 1 ] ' ;
11 e l s e i f symbols ( i )== '− ' | | symbols ( i ) ==2
12 b i t s ( : , i ) = [ 1 0 ] ' ;
13 e l s e i f symbols ( i )==' 1 ' | | symbols ( i ) ==1
14 b i t s ( : , i ) = [ 0 1 ] ' ;
15 e l s e i f symbols ( i ) == ' 0 ' | | symbols ( i ) == 0
16 b i t s ( : , i ) = [ 0 0 ] ' ;
17 e l s e
18 b i t s ( : , i ) = ones ( s i z e ( 2 , 1 ) ) ∗ symbols ( i ) ;%[−1 −1] ' ;
19 end
20 end

E.4 Image Averaging
The function import_vars.m is made by Sigvald Marholm.

compute_and_set_image_param.m
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1 f u n c t i o n image_param = ...
compute_and_set_image_param ( i n t e n s i t y , SNR_factor , s i n e _ a n g l e , s i n e _ a m p l i t u d e )

2 % A l l q u a n t i t i e s a r e n o r m a l i s e d to 1 s e x p o s u r e time
3 i f ( n a r g i n == 0)
4 i n t e n s i t y = 0 . 5 ;
5 SNR_factor = 1 0 0 ;
6 s i n e _ a n g l e = 0 ;
7 end
8
9 i f ( n a r g i n ~=4)

10 a m p l i t u d e _ f a c t o r = 0 . 0 5 ;
11 s i n e _ a m p l i t u d e = a m p l i t u d e _ f a c t o r ∗ i n t e n s i t y ;
12 end
13
14 % n o i s e _ f l a g = 0 ;
15 % i f ( ( n a r g i n > 0) )
16 % i f ( i n t e n s i t y == ' no n o i s e ' )
17 % n o i s e _ f l a g = 1 ;
18 % i n t e n s i t y = 1 0 ;
19 % dark_current = 0 ;
20 % end
21 % end
22 %
23 % i f ( n a r g i n == 0)
24 % i n t e n s i t y = 1 0 0 ; %i n t e n s i t y n o r m a l i z e d to one second e x p o s u r e
25 % dark_current = 5 ;
26 % end
27 % i f ( n a r g i n < 3)
28 % s i n e _ a n g l e = 0 ;
29 % end
30 %
31 %
32 % i f ( n o i s e _ f l a g == 1)
33 % n o i s e _ s t d = 0 ;
34 % e l s e
35 % n o i s e _ s t d = s q r t ( i n t e n s i t y+dark_current ) ;
36 % end
37 %
38
39 % D e f i n i n g the output s t r u c t :
40 image_param = s t r u c t ( ' i n t e n s i t y ' , i n t e n s i t y , ' SNR_factor ' , ...

SNR_factor , ' s i n e _ a m p l i t u d e ' , sine_amplitude , ' s i n e _ a n g l e ' , s i n e _ a n g l e ) ;
41 end

compute_and_set_satcam_param.m

1 f u n c t i o n satcam_param = compute_and_set_satcam_param ( column_number )
2 % column_number : p i c k s the column ( i . e . s e t o f p a r a m e t e r s ) i n sat_param.txt
3
4 % Import v a r i a b l e s and c o n s t a n t s from t e x t f i l e s ( column number c h o o s e s which ...

column i n sat_param to use
5 import_vars ( ' sat_param.txt ' , column_number ) ;
6 import_vars ( ' s a t _ c o n s t . t x t ' , 1 ) ;
7
8
9 % Compute v a r i a b l e s r e g a r d i n g s a t e l l i t e and camera :

10 T = 2∗ p i ∗ s q r t ( ( e a r t h _ r a d i u s+h e i g h t _ s a t ) ^3/ g_param ) ; % S a t e l l i t e o r b i t a l p e r i o d
11 speed_sat_OH = 2∗ p i ∗( e a r t h _ r a d i u s ∗1000+height_OH ∗1000) /T; % s a t e l l i t e speed ...

w . r . t OH l a y e r
12 image_cov = ( 2 ∗ ( ( height_sat−height_OH ) ∗1000) ∗ tan ( (FOV∗ p i /180) /2) ) ; % Image c o v e r a g e
13 image_cov_wl = image_cov /( gw_min_wl ∗1000) ; % Image c o v e r a g e i n w a v e l e n g t h s
14 s p a t _ r e s = image_cov / a r r a y _ s i z e ; % c o v e r a g e per p i x e l [m]
15 image_speed = speed_sat_OH/ s p a t _ r e s ; %s a t e l i t e speed i n p i x e l s per second
16
17 % D e f i n i n g the output s t r u c t :
18 satcam_param = s t r u c t ( 'T ' ,T, ' speed_sat_OH ' , speed_sat_OH , ' image_cov ' , image_cov , . . .
19 ' image_cov_wl ' , image_cov_wl , ' s p a t _ r e s ' , spat_res , . . .
20 ' image_speed ' , image_speed , ' h e i g h t _ s a t ' , height_sat , 'FOV ' , ...

FOV, . . .
21 ' a r r a y _ s i z e ' , a r r a y _ s i z e , ' r e s e t _ t i m e ' , r e s e t _ t i m e ) ;
22
23 end

compute_and_set_video_param.m
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1 f u n c t i o n video_param = compute_and_set_video_param ( satcam_param , frame_rate , fr ame s )
2 image_speed = satcam_param.image_speed ;
3 a r r a y _ s i z e = satcam_param.array_size ;
4 r e s e t _ t i m e = satcam_param.reset_time ;
5 % frame_rate = satcam_param.frame_rate ;
6 % fr am es = satcam_param.frames ;
7
8 a p p r o x _ r e s _ r a t i o = 1 0 ; % Approximate r a t i o between the low and high r e s o l u t i o n
9 %−do something with the r a t i o s t u f f ?

10 l o w r e s = a r r a y _ s i z e ∗ [ 1 1 ] ; % R e s o l u t i o n o f the r e s u l t i n g v i d e o fr am es
11 f r a m e _ s h i f t = (1/ frame_rate ) ∗ image_speed ∗ [ 0 1 ] ;
12 h i g h r e s _ s h i f t = round ( f r a m e _ s h i f t ∗ a p p r o x _ r e s _ r a t i o ) ; % Make s u r e t h i s i s an ...

i n t e g e r !
13 r e s _ r a t i o = h i g h r e s _ s h i f t / f r a m e _ s h i f t ; % Computed r a t i o between low and high ...

r e s o l u t i o n
14 h i g h r e s = round ( ( l o w r e s ( 1 ) ∗ r e s _ r a t i o ) +[0 ( h i g h r e s _ s h i f t ( 2 ) ∗ f ra mes ) ] ) ; %The ...

r e s o l u t i o n o f the " a n a l o g " i n h e r e n t image
15 exp_time = 1 . / frame_rate−r e s e t _ t i m e ;
16 % D e f i n i n g the output s t r u c t ( i n c l u d i n g the c o r r e s p o n d i n g satcam_param as a ...

n e s t e d s t r u c t ) :
17 video_param = s t r u c t ( ' s i z e _ o u t ' , l o w r e s , ' fr am es ' , frames , ' frame_rate ' , frame_rate , . . .
18 ' f r a m e _ s h i f t ' , f r a m e _ s h i f t , ' h i g h r e s ' , h i g h r e s , ' exp_time ' , ...

exp_time , . . .
19 ' satcam_param ' , satcam_param ) ;
20 end

display_struct_rows_rec.m

1 f u n c t i o n d i s p l a y _ s t r u c t _ r o w s _ r e c ( s t r u c t _ i n )
2 % D i s p l a y s an 1byN a r r a y o f s t r u c t s as a t a b l e , with the f i e l d names i n the
3 % f i r s t column , and s t r u c t number i n the f i r s t row.
4
5 % Make column o f row names−−−−−−−−−−
6 %I n i t i a l i z e row names and row c o u n t e r :
7 names{1} = ' ' ;
8 c o u n t e r = 1 ;
9 %Pick up names from the s t r u c t s r e c u r s i v e l y :

10 [ names c o u n t e r ] = struct_names_rec ( s t r u c t _ i n , names , c o u n t e r ) ;
11
12 %making a column with w h i t e s p a c e s to put inbetween the columns :
13 empty_col = char ( ones ( l e n g t h ( names ) , 1 ) ∗ ' ' ) ;
14 matrix_out = [ ] ;
15 matrix_out = [ s t r v c a t ( names ) empty_col ] ;
16
17 % F i l l columns with s t r u c t v a l u e s−−−−−−−−−−−
18
19 M = l e n g t h ( names ) ; %number o f rows
20 N = s i z e ( s t r u c t _ i n , 2 ) ; %number o f columns
21 c e l l _ i n = s t r u c t 2 c e l l ( s t r u c t _ i n ) ;
22 f o r i = 1 :N
23 s t r _ c e l l = c e l l (M, 1 ) ;
24 %Make header f o r column :
25 s t r _ c e l l {1} = num2str ( i ) ;
26 c o u n t e r =1;
27
28 % Fetch s t r u c t v a l u e s r e c u r s i v e l y :
29 [ s t r _ c e l l c o u n t e r ] = s t r u c t _ v a l u e s _ r e c ( c e l l _ i n ( : , 1 , i ) , s t r _ c e l l , c o u n t e r ) ;
30
31 % Extend output matrix with one column :
32 matrix_out = [ matrix_out s t r v c a t ( s t r _ c e l l ) empty_col ] ;
33 end
34
35 d i s p ( matrix_out )
36 end
37
38 % 1 2 3
39 % T 5792 . 3 3 0 1 5792 . 3 3 0 1 5730 . 1 2 3 1
40 % speed_sat_OH 7007 . 4 3 5 1 7007 . 4 3 5 1 7083 . 5 0 8 8
41 % image_cov 423326 . 2 6 0 7 423326 . 2 6 0 7 247049 . 1 5 5 4
42 % image_cov_wl 21 . 1 6 6 3 21 . 1 6 6 3 12 . 3 5 2 5
43 % s p a t _ r e s 3307 . 2 3 6 4 1653 . 6 1 8 2 965 . 0 3 5 8
44 % image_speed 2 . 1 1 8 8 4 . 2 3 7 6 7 . 3 4 0 2
45 % h e i g h t _ s a t 600 600 550
46 % FOV 45 45 30
47 % a r r a y _ s i z e 128 256 256
48 % exp_time 0 . 0 3 0 . 0 3 0 . 0 3
49 % frame_rate 25 25 10
50 % fr am es 50 50 30
51 % my_struct
52 % |− f i e l d 1
53 % |− f i e l d 2
54 % '− f i e l d 3
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frame_comb_sim.m

1 %% −−−−−Image a v e r a g i n g−−−−−−−
2 % S c r i p t f o r s i m u l a t i o n o f image a v e r a g i n g with motion compensation
3 %−−−−−−−−−−−−−−−−−−−−−−−−−−−−
4 c l o s e a l l
5 %% Choose and l o a d v i d e o s and p a r a m e t e r s
6 c l e a r a l l
7 %video_sim %Run v i d e o sim the f i r s t time to g e n e r a t e t e s t v i d e o s and p a r a m e t e r s
8 param_set_name = ' r e p o r t _ s e t _ t e s t i n g ' ; % Choose parameter s e t
9 l o a d ( [ ' parameters_ ' param_set_name ] , ' all_param ' ) % Load p a r a m e t e r s

10 l o a d ( [ ' videos_ ' param_set_name ] , ' v i d e o s ' ) % Load v i d e o s
11
12 % Show the f i r s t image o f each v i d e o as a thumbnail :
13 thumbnails = show_video_thumbnails ( v i d e o s ) ;
14 % D i s p l a y p a r a m e t e r s :
15 d i s p l a y _ s t r u c t _ r o w s _ r e c ( all_param )
16 %% −−−−−−−−−−−−−−−−−−−
17
18 %% Simple demo :
19 i n d e x = 3 ; % Choose which v i d e o ( s ) i n the v i d e o s e t to work with
20 v i d e o _ d u r a t i o n = 5 ;
21 im_comb_stack = c e l l ( 1 , i n d e x ) ;
22 video_param = all_param ( i n d e x ) .video_param ;
23 frames_to_combine = v i d e o _ d u r a t i o n ∗ video_param.frame_rate ;
24 % Combine f ra me s :
25 [ im_comb im_comb_cropped ] = ...

video_frame_comb ( v i d e o s { i n d e x } , video_param , frames_to_combine ) ;
26 % P l o t f i r s t frame and ave rage d image :
27 im_comb_stack = c e l l ( 1 , 2 ) ;
28 im_comb_stack{1} = thumbnails { i n d e x } ;
29 im_comb_stack{2} = im_comb_cropped ;
30 plot_im_stack ( im_comb_stack , 'w ' , { ' F i r s t frame ' , ' Averaged image ' })
31
32 %% Varying v i d e o d u r a t i o n s :
33 i n d e x = 2 ; % Choose which v i d e o ( s ) i n the v i d e o s e t to work with
34 v i d e o _ d u r a t i o n = [ 2 5 ] ;
35 im_comb_stack = c e l l ( 1 , i n d e x ) ;
36 video_param = all_param ( i n d e x ) .video_param ;
37 %Combine fra me s :
38 im_comb_stack{1} = thumbnails { i n d e x } ;
39 im_comb_stack_eq{1} = h i s t e q ( thumbnails { i n d e x } , 2 5 6 ) ;
40 f o r j = 1 : l e n g t h ( v i d e o _ d u r a t i o n )
41 frames_to_combine = v i d e o _ d u r a t i o n ( j ) ∗ video_param.frame_rate ;
42 [ im_comb im_comb_cropped ] = ...

video_frame_comb ( v i d e o s { i n d e x } , video_param , frames_to_combine ) ;
43 im_comb_stack{ j +1} = im_comb_cropped ;
44 end
45 plot_im_stack ( im_comb_stack , 'w ' )
46
47
48 %% T e s t i n g frame combining with i n c o r r e c t frame s h i f t v a l u e s :
49 i n d e x = 3 ; % Choose which v i d e o i n the v i d e o s e t to work with
50 video_param = all_param ( i n d e x ) .video_param ;
51 v i d e o _ d u r a t i o n = 5 ;
52 frames_to_combine = video_param.frame_rate ∗ v i d e o _ d u r a t i o n ;
53 % Make v e c t o r with wrong f r a m e _ s h i f t s :
54 f r a m e _ s h i f t = v i d e o _ p a r a m . f r a m e _ s h i f t ;
55 e r r o r _ v e c t o r = [ 0 . 9 1 0 . 9 ] ' ;
56 f r a m e _ s h i f t _ f a k e =z e r o s ( l e n g t h ( e r r o r _ v e c t o r ) , 2 ) ;
57 f r a m e _ s h i f t _ f a k e ( : , 1 ) = z e r o s ( l e n g t h ( e r r o r _ v e c t o r ) , 1 ) ;
58 f r a m e _ s h i f t _ f a k e ( : , 2 ) = f r a m e _ s h i f t ( 2 ) ∗ e r r o r _ v e c t o r . ∗ ones ( l e n g t h ( e r r o r _ v e c t o r ) , 1 ) ;
59 e r r o r s = f r a m e _ s h i f t _ f a k e ( : , 2 )−( f r a m e _ s h i f t ( 2 ) . ∗ ones ( l e n g t h ( e r r o r _ v e c t o r ) , 1 ) ) ;
60 %im_comb_fake = c e l l ( 1 , l e n g t h ( e r r o r _ v e c t o r ) ) ;
61 im_stack = c e l l ( 1 , l e n g t h ( e r r o r _ v e c t o r ) ) ;
62 t i t l e s = c e l l ( 1 , l e n g t h ( e r r o r _ v e c t o r ) ) ;
63 f o r i = 1 : l e n g t h ( e r r o r _ v e c t o r )
64 v i d e o _ p a r a m . f r a m e _ s h i f t = f r a m e _ s h i f t _ f a k e ( i , : ) ;
65 t i t l e s { i } = num2str ( e r r o r _ v e c t o r ( i ) ) ;
66 [ im_comb_fake im_comb_fake_cropped ] = ...

video_frame_comb ( v i d e o s { i n d e x } , video_param , frames_to_combine ) ;
67 im_stack { i } = im_comb_fake_cropped ;
68 end
69 % P l o t r e s u l t i n g combined images :
70 plot_im_stack ( im_stack , ' q ' , t i t l e s ) ;

import_vars.m

1 f u n c t i o n import_vars ( fname , column )
2 % import_vars ( fname , column )
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3 %
4 % This f u n c t i o n i s p r i m a r i l y w r i t t e n f o r i m p o r t i n g l i n k budget p a r a m e t e r s
5 % but can be used i n a more g e n e r i c manner as− i s .
6 %
7 % fname i s the name o f the f i l e to be i m p o r t e d .
8 %
9 % The f i l e can have s e v e r a l s e c t i o n s s e p a r a t e d by l i n e s o f ============

10 % The v a r i a b l e s a r e s t o r e d i n the 2nd s e c t i o n l i k e t h i s :
11 %
12 % Header Comments ( m y f i l e . t x t )
13 % Set 1 Set 2 Set 3
14 % =================================
15 % c o o l 100 200 300
16 % fun 40 . 4 5 . 5 6 e3
17 % =================================
18 % Footer Comments
19 %
20 % The column argument i s which column to import as the v a r i a b l e ' s v a l u e s .
21 % In our example , import_vars ( ' m y f i l e . t x t ' , 2 ) w i l l be e q u i v a l e n t to w r i t i n g
22 % c o o l = 2 0 0 ;
23 % fun = 5 . 5 ;
24 %
25
26 % Create the r e g e x p p a t t e r n t h a t e x t r a c t s the v a r i a b l e name and v a l u e
27 p a t t e r n = '%s ' ; % E x t r a c t v a r . name
28 f o r i =1: column−1
29 p a t t e r n = s t r c a t ( p a t t e r n , ' %∗ f ' ) ; % I g n o r e ( column−1) v a l u e s
30 end
31 p a t t e r n = s t r c a t ( p a t t e r n , ' %f ' ) ; % E x t r a c t column v a l u e
32
33 s e c t i o n = 1 ; % Which s e c t i o n o f f i l e .
34 % Each s e c t i o n i s s e p e r a t e d by =======
35
36 f h = f o p e n ( fname ) ;
37 w h i l e 1
38 f l i n e = f g e t l ( f h ) ;
39
40 i f ( f l i n e ==−1) % End−of− f i l e
41 f c l o s e ( f h ) ;
42 break ;
43 end
44
45 i f ( l e n g t h ( f l i n e ) >0)
46
47 i f ( f l i n e ( 1 )=='= ' )
48 s e c t i o n = s e c t i o n + 1 ; % S e c t i o n s e p a r a t i o n d e t e c t e d
49 e l s e
50
51 i f ( s e c t i o n ==2) % This i s where the v a r i a b l e s a r e at
52 A = t e x t s c a n ( f l i n e , p a t t e r n , ' MultipleDelimsAsOne ' , t r u e ) ;
53 varname = A( 1 ) ;
54 v a r v a l u e = A( 2 ) ;
55 varname = varname {1}{1};
56 v a r v a l u e = v a r v a l u e { 1 } ;
57 v a r v a l u e = v a r v a l u e ( 1 ) ;
58 e v a l i n ( ' c a l l e r ' , s t r c a t ( varname , '= ' , num2str ( v a r v a l u e ) , ' ; ' ) ) ;
59 end
60
61 end
62 end
63
64 end
65
66 end

make_sine_image_for_video.m

1 f u n c t i o n im_sine = make_sine_image_for_video ( video_param , image_param )
2 %−−−−−−−−−−−
3 % Input : the s t r u c t s video_param and image_param
4 %−−−−−−−−−−−
5
6 % E x t r a c t i n g the s i n e p a r a m e t e r s :
7 i n t e n s i t y = i m a g e _ p a r a m . i n t e n s i t y ;
8 amplitude = image_param.sine_amplitude ;
9 a n g l e = image_param.sine_angle ;

10 % E x t r a c t i n g the video_parameters :
11 im_size = v i d e o _ p a r a m . h i g h r e s ;
12 satcam_param = video_param.satcam_param ;
13 num_of_periods = satcam_param.image_cov_wl ;
14
15 % Making the s i n e image :
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16 im_sine = make_sinus_image ( im_size , num_of_periods , i n t e n s i t y , ...
amplitude , a n g l e ) ;

17 end

make_sinus_image.m

1 f u n c t i o n im_sinus = make_sinus_image ( im_size , num_of_periods , i n t e n s i t y , ...
amplitude , a n g l e )

2 %making an image with s i n u s o i d a l s t r i p e s o f with mean " i n t e n s i t y " and
3 %amplitude " amplitude "
4 %a n g l e g i v e n i n d e g r e e s , 0 = v e r t i c a l s t r i p e s
5
6 im_sinus=z e r o s ( im_size ) ;
7 N = s i z e ( im_sinus , 2 ) ;
8 M = s i z e ( im_sinus , 1 ) ;
9 kx = c o s ( a n g l e ∗ p i /180) ∗ num_of_periods /N;

10 ky = s i n ( a n g l e ∗ p i /180) ∗ num_of_periods /N;
11 u = ( 1 :N) ∗(2∗ kx∗ p i ) ;
12 U = ones (M, 1 ) ∗u ;
13 v = ( 1 :M) ∗(2∗ ky∗ p i ) ;
14 V = v ' ∗ ones ( 1 ,N) ;
15
16 im_sinus = amplitude ∗ s i n (U+V)+i n t e n s i t y ;
17 im_sinus = u i n t 8 (256∗ im_sinus ) ;
18 end

plot_im_stack.m

1 % d r a f t f o r smart s u b p l o t−f u n c t i o n
2 f u n c t i o n plot_im_stack ( im_cell , mode , t i t l e _ c e l l )
3
4 n _ t o t a l = l e n g t h ( i m _ c e l l ) ; %number
5 % Quadratic c o n s t e l l a t i o n
6 i f ( mode == ' q ' )
7 % Determining the numbers o f f i g u r e s and p l o t s i n each f i g u r e :
8 number_of_figures = c e i l ( n _ t o t a l /12) ;
9 n = 12∗ ones ( 1 , number_of_figures ) ;

10 n _ l a s t _ f i g u r e = mod( n_total , 1 2 ) ;
11 n ( number_of_figures ) = n _ l a s t _ f i g u r e ;
12
13 f o r i =1: number_of_figures
14 % d e t e r m i n i n g the number o f rows to p l o t
15 n = n ( i ) ;
16 i f ( n < 4)
17 rows ( i ) = 1 ;
18 e l s e i f ( n >= 4 && n < 9)
19 rows ( i ) = 2 ;
20 e l s e i f ( n >= 9 && n <= 12)
21 rows ( i ) = 3 ;
22 end
23 %number o f columns :
24 columns ( i ) = c e i l ( n/ rows ( i ) ) ;
25 end
26
27 e l s e i f ( mode == ' l ' )
28 number_of_figures = c e i l ( n _ t o t a l /4) ;
29 n = 4∗ ones ( 1 , number_of_figures ) ;
30 n ( number_of_figures ) = mod( n_total , 1 2 ) ;
31 rows = n ;
32 columns = ones ( 1 , number_of_figures ) ;
33 e l s e i f ( mode == 'w ' )
34 number_of_figures = c e i l ( n _ t o t a l /4) ;
35 n = 4∗ ones ( 1 , number_of_figures ) ;
36 n ( number_of_figures ) = mod( n_total , 1 2 ) ;
37 columns = n ;
38 rows = ones ( 1 , number_of_figures ) ;
39 e l s e
40 d i s p ( ' I n v a l i d p l o t c o n s t e l l a t i o n ' )
41 end
42
43 %making s u b p l o t s :
44 plot_count = 0 ;
45 f o r k = 1 : number_of_figures
46 f i g u r e
47 f o r j = 1 : n ( k )
48 plot_count = plot_count +1;
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49 s u b p l o t ( rows ( k ) , columns ( k ) , j )
50 imshow ( i m _ c e l l { plot_count })
51 i f ( n a r g i n ==3)
52 t i t l e ( t i t l e _ c e l l { plot_count })
53 end
54 end
55 %s e t ( g c f , ' P o s i t i o n ' , g e t ( 0 , ' S c r e e n s i z e ' ) ) ; % Maximize f i g u r e .
56 end
57 end

sat_const.txt

1 S a t e l l i t e and camera c o n s t a n t s ( s a t _ c o n s t . t x t )
2 =================================
3 e a r t h _ r a d i u s 6371
4 g_param 398601
5 gw_mean_wl 20
6 gw_min_wl 15
7 gw_mean_speed 25
8 height_OH 89
9 airglow_wl 0 . 0 0 0 0 0 1 5

10 =================================
11 Footer Comments

sat_param.txt

1 S a t e l l i t e and camera p a r a m e t e r s ( sat_param.txt )
2 Set 1 Set 2 Set 3 Set 4
3 ========================================================
4 h e i g h t _ s a t 500 500 350 350
5 FOV 40 40 30 30
6 a r r a y _ s i z e 128 256 256 128
7 r e s e t _ t i m e 0 . 0 1 0 . 0 1 0 . 0 1 0 . 0 1
8 ======================================================

show_video_thumbnails.m

1 f u n c t i o n thumbnails = show_video_thumbnails ( v i d e o s )
2 thumbnails = c e l l ( 1 , l e n g t h ( v i d e o s ) ) ;
3 t i t l e s = c e l l ( 1 , l e n g t h ( v i d e o s ) ) ;
4
5 f o r i n d e x = 1 : l e n g t h ( v i d e o s ) ;
6 %s u b p l o t ( 1 , l e n g t h ( v i d e o s ) , i n d e x )
7 %Pick the f i r s t frame o f the v i d e o as thumbnail :
8 thumbnails { i n d e x } = u i n t 8 ( v i d e o s { i n d e x } ( : , : , 1 ) ) ;
9 t i t l e s { i n d e x } = num2str ( i n d e x ) ;

10 end
11
12 plot_im_stack ( thumbnails , ' q ' , t i t l e s )
13 end

step_im_sequence.m

1 f u n c t i o n step_im_sequence ( im_matrix )
2 % S c a l e image to f i l l a l a r g e r window :
3 approx_res = 6 0 0 ;
4 s c a l e _ f a c t o r = round ( approx_res / s i z e ( im_matrix , 1 ) ) ;
5 im_matrix_sc = i m r e s i z e ( im_matrix , s c a l e _ f a c t o r ) ;
6 % Show one image at a time s e p a r a t e d by button p r e s s :
7 f i g u r e
8 %s e t ( g c f , ' P o s i t i o n ' , g e t ( 0 , ' S c r e e n s i z e ' ) ) ;
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9 f o r i = 1 : s i z e ( im_matrix , 3 )
10 imshow ( u i n t 8 ( im_matrix_sc ( : , : , i ) ) ) ;
11 w a i t f o r b u t t o n p r e s s
12 end
13 c l o s e g c f %c l o s e the c u r r e n t f i g u r e
14 end

struct_names_rec.m

1 f u n c t i o n [ outer_names c o u n t e r ] = struct_names_rec ( s t r u c t _ i n , outer_names , c o u n t e r )
2
3 c e l l _ i n = s t r u c t 2 c e l l ( s t r u c t _ i n ) ;
4 names = f i e l d n a m e s ( s t r u c t _ i n ) ;
5 s t r u c t _ l e n g t h = s i z e ( names , 1 ) ;
6 %i s s t r u c t _ a r r a y = ones ( s t r u c t _ l e n g t h ) ;
7
8 f o r i = 1 : s t r u c t _ l e n g t h
9 c o u n t e r = c o u n t e r +1;

10 outer_names{ c o u n t e r } = names{ i } ;
11 i s s t r u c t _ a r r a y ( i ) = i s s t r u c t ( c e l l _ i n { i , 1 , 1 } ) ;
12 i f ( i s s t r u c t _ a r r a y ( i ) ==1)
13 i n n e r _ s t r u c t= c e l l _ i n { i , 1 , 1 } ;
14 [ outer_names c o u n t e r ] = ...

struct_names_rec ( i n n e r _ s t r u c t , outer_names , c o u n t e r ) ;
15 end
16 end
17 end

struct_values_rec.m

1 f u n c t i o n [ s t r _ c e l l c o u n t e r ] = s t r u c t _ v a l u e s _ r e c ( c e l l _ i n , s t r _ c e l l , c o u n t e r )
2 s t r u c t _ l e n g t h = l e n g t h ( c e l l _ i n ) ;
3
4 f o r i = 1 : s t r u c t _ l e n g t h
5 i s s t r u c t _ a r r a y ( i ) = i s s t r u c t ( c e l l _ i n { i }) ;
6 c o u n t e r=c o u n t e r +1;
7 i f ( i s s t r u c t _ a r r a y ( i ) == 0)
8 s t r _ c e l l { c o u n t e r } = num2str ( c e l l _ i n { i }) ;
9 e l s e

10 s t r _ c e l l { c o u n t e r } = '−−−−−− ' ;
11 i n n e r _ c e l l = s t r u c t 2 c e l l ( c e l l _ i n { i }) ;
12 [ s t r _ c e l l c o u n t e r ] = s t r u c t _ v a l u e s _ r e c ( i n n e r _ c e l l , s t r _ c e l l , c o u n t e r ) ;
13 end
14 end
15 end

video_frame_comb.m

1 f u n c t i o n [ im_comb im_comb_cropped ] = video_frame_comb ( video , video_param , ...
frames_to_combine )

2
3 f r a m e _ s h i f t = v i d e o _ p a r a m . f r a m e _ s h i f t ;
4 l o w r e s = video_param.size_out ;
5 %f ra me s = video_param.frames ;
6 fr am es = frames_to_combine ;
7
8 t o t a l _ s h i f t = c e i l ( fr am es ∗ f r a m e _ s h i f t ) ;
9 im_comb = z e r o s ( l o w r e s+t o t a l _ s h i f t ) ; %D e f i n i n g the s i z e o f the r e s u l t i n g ...

combined image
10 im_comb ( 1 : s i z e ( video , 1 ) , 1 : s i z e ( video , 2 ) )=v i d e o ( : , : , 1 ) ; %P l a c i n g the f i r s frame
11 f o r i = 2 : fr am es
12 % Zero−padding and i n t e r p o l a t i o n :
13 im_in = v i d e o ( : , : , i ) ; % Rename ( too s i m i l a r to i n t e r p o l a t i o n . . . )
14 % i n p u t g r i d :
15 x_in = ( 1 : l o w r e s ) +(( i−1)∗ f r a m e _ s h i f t ( 2 ) ) ;
16 y_in = ( 1 : l o w r e s ) +(( i−1)∗ f r a m e _ s h i f t ( 1 ) ) ;
17 [ X_in Y_in ] = meshgrid ( x_in , y_in ) ;
18 % i n t e r p o l a t e d g r i d :
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19 x_interp = 1 : s i z e ( im_comb , 2 ) ;
20 y_interp = 1 : s i z e ( im_comb , 1 ) ;
21 [ X_interp Y_interp ] = meshgrid ( x_interp , y_interp ) ;
22 % I n t e r p o l a t i o n and z e r o f i l l i n g :
23 im_interp = i n t e r p 2 ( X_in , Y_in , im_in , X_interp , Y_interp ) ;
24 im_interp ( i s n a n ( im_interp ) ) = 0 ;
25 % Adding to the r e s u l t i n g image :
26 im_comb = im_comb+im_interp ;
27 end
28 im_comb = u i n t 8 ( im_comb/ fr am es ) ;
29 im_comb_cropped = u i n t 8 ( im_comb ( : , t o t a l _ s h i f t ( 2 ) : ( end−t o t a l _ s h i f t ( 2 )−1) ) ) ;
30
31 end

video_maker.m

1 f u n c t i o n v i d e o = video_maker ( im_in , video_param , image_param )
2 % s i z e _ o u t and f r a m e _ s h i f t a r e r e l a t i v e to the low r e s o l u t i o n image !
3 %im_in = double ( im_in ) ; % any way to c a s t a u t o m a t i c a l l y when c a l l e d ?
4 % n o i s e _ s t d i s the s t a n d a r d d e v i a t i o n o f the n o i s e ( s h o u l d be z e r o i f no n o i s e )
5 % % s i z e _ o u t = get_video_param ( video_param , ' s iz e _ ou t ' ) ;
6 % % fr am es = get_video_param ( video_param , ' frames ' ) ;
7 % % f r a m e _ s h i f t = get_video_param ( video_param , ' f r a m e _ s h i f t ' ) ;
8 % % n o i s e _ s t d = get_video_param ( video_param , ' noise_std ' ) ;
9 s i z e _ o u t = video_param.size_out ;

10 fr am es = video_param.frames ;
11 f r a m e _ s h i f t = v i d e o _ p a r a m . f r a m e _ s h i f t ;
12 exp_time = video_param.exp_time ;
13 %n o i s e _ s t d _ n o r m a l i z e d = image_param.noise_std ;
14 SNR_factor = image_param.SNR_factor ;
15 i n t e n s i t y = i m a g e _ p a r a m . i n t e n s i t y ;
16
17 i f ( SNR_factor ==0)
18 n o i s e _ s t d = 0 ;
19 e l s e
20 n o i s e _ s t d = i n t e n s i t y /( SNR_factor ∗ s q r t ( exp_time ) ) ;
21 end
22 %n o i s e _ s t d = n o i s e _ s t d _ n o r m a l i z e d ∗ s q r t ( exp_time ) ;
23 r e s _ r a t i o = min ( s i z e ( im_in ) . / s i z e _ o u t ) ; %The r a t i o between the low and high ...

r e s o l u t i o n , assuming a r e c t a n g u l a r image
24 v i d e o = z e r o s ( [ s i z e _ o u t f ra me s ] ) ; %Making a 3 dim matrix f o r video , l a s t i n d e x ...

i s frame number
25 f o r i = 1 : fr am es
26 y=0;
27 x=0;
28 s h i f t _ h i g h r e s = f r a m e _ s h i f t . ∗ r e s _ r a t i o ;
29 s i z e _ h i g h r e s = s i z e _ o u t . ∗ r e s _ r a t i o ;
30 y = ( ( 1 : s i z e _ h i g h r e s ( 1 ) )+round ( s h i f t _ h i g h r e s ( 1 ) ∗( i−1) ) ) ; %must round to make...

i n t e g e r i n d e x . Any b e t t e r s o l u t i o n s ? I n t e r p o l a t i o n ?
31 x = ( ( 1 : s i z e _ h i g h r e s ( 2 ) )+round ( s h i f t _ h i g h r e s ( 2 ) ∗( i−1) ) ) ;
32 % y = ( 1 : s i z e _ o u t ( 1 ) ∗ r e s _ r a t i o )+f r a m e _ s h i f t ( 1 ) ∗ r e s _ r a t i o ;
33 % x = ( 1 : s i z e _ o u t ( 2 ) ∗ r e s _ r a t i o )+f r a m e _ s h i f t ( 2 ) ∗ r e s _ r a t i o ;
34 i f ( ( y ( end ) <= s i z e ( im_in , 1 ) ) && ( x ( end ) <= s i z e ( im_in , 2 ) ) ) %c h e k i n g i f the ...

i n p u t image i s l a r g e enough
35 im_highres = im_in ( y , x ) ;
36 im_lowres = i m r e s i z e ( im_highres , s i z e _ o u t ) ;
37 e l s e
38 i = f ra me s +1; %( noen s m a r t e r e åmte å a v b r y t e ø f o r l k k e åp ? )
39 end
40 v i d e o ( : , : , i ) = im_lowres+( u i n t 8 (256∗ n o i s e _ s t d ∗ randn ( s i z e _ o u t ) ) ) ;
41 %v i d e o ( : , : , i ) = im_lowres ;
42 end
43 end

video_sim.m

1 %% −−−−−Video s i m u l a t i o n s c r i p t−−−−−−−−
2 % S c r i p t f o r s i m u l a t i o n o f v i d e o g e n e r a t i o n
3 % Computes and d e f i n e s s e t s o f d i f f e r e n t p a r a m e t e r s f o r v i d e o g e n e r a t i o n and s t o r e s
4 % them i n the s t r u c t s satcam_param , video_param and image_param.
5 % S e r i e s o f v i d e o s a r e then g e n e r a t e d by videomaker2 , with the parameter s e t s ...

chosen i n p a r a m e t e r s . T
6
7 % To show any o f the f i n i s h e d v i d e o s ( number 1 i n t h i s example ) :
8 % implay ( u i n t 8 ( v i d e o s {1}) ,0 . 2 5 ∗ video_param ( 1 ) . f r a m e _ r a t e )
9 %% −−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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10 c l o s e a l l
11 c l e a r a l l
12
13 %% D e f i n e p o s s i b l e frame r a t e and v i d e o d u r a t i o n :
14 frame_rate = [ 5 1 0 ] ;
15 video_time = 5 ; %s e t t i n g number o f f ra me s as a c o n s t a n t t i m e s frame r a t e
16 fr am es = v i d e o _ t i m e . ∗ frame_rate ;
17
18 %% Read p a r a m e t e r s from f i l e s and g e n e r a t e v i d e o p a r a m e t e r s
19 %( Generate v i d e o p a r a m e t e r s f o r d i f f e r e n t c o m b i n a t i o n s o f s a t e l i t e
20 %p a r a m e t e r s and frame r a t e s )
21 i =1;
22 k=1;
23 w h i l e ( i ~= 0) % runs as l o n g as import_vars manages to read a new column from ...

sat_param.txt
24 t r y
25 % I m p o r t i n g and computing s a t e l l i t e and camera p a r a m e t e r s and c o n s t a n t s :
26 satcam_param ( i ) = compute_and_set_satcam_param ( i ) ;
27 % Computing and s e t t i n g v i d e o p a r a m e t e r s :
28 f o r j = 1 : l e n g t h ( frame_rate )
29 video_param ( k ) = ...

compute_and_set_video_param ( satcam_param ( i ) , frame_rate ( j ) , f ra me s ( j ) ) ;
30 k=k+1;
31 end
32 i=i +1;
33 c a t c h me
34 i =0;
35 %rethrow (me) %f o r debugging o f the t h i n g s i n s i d e t r y
36 end
37 end
38
39 % D i s p l a y the v i d e o p a r a m e t e r s :
40 d i s p l a y _ s t r u c t _ r o w s _ r e c ( video_param )
41
42 %% D e f i n e p a r a m e t e r s f o r s i n e image used f o r v i d e o g e n e r a t i o n :
43 %( syntax : dc l e v e l , SNR_factor , a n g l e )
44 image_param ( 1 ) = compute_and_set_image_param (0 .6 , 0 , 10) ;
45 image_param ( 2 ) = compute_and_set_image_param (0 .6 , 5 , 10) ;
46 image_param ( 3 ) = compute_and_set_image_param (0 .6 , 20 , 10) ;
47 image_param ( 4 ) = compute_and_set_image_param (0 .6 , 50 , 10) ;
48 image_param ( 5 ) = compute_and_set_image_param (0 .6 , 100 , 10) ;
49
50 %% D e f i n e parameter s e t c o m b i n a t i o n s f o r v i d e o making :
51 %( Choose c o m b i n a t i o n s o f v i d e o p a r a m e t e r s and image p a r a m e t e r s
52 % Syntax : [ video_param image_param ] , p o s s i b l e to g e n e r a t e s e v e r a l s e t s )
53
54 name = ' r e p o r t _ s e t _ t e s t i n g ' ;
55 p a r a m e t e r _ s e t s = [ . . . %new syntax : video_param image_param
56 3 1
57 3 2
58 3 3
59 3 4
60 3 5 ] ;
61
62 %% Making high r e s o l u t i o n images and low r e s o l u t i o n v i d e o :
63 f o r j = 1 : s i z e ( parameter_sets , 1 )
64 %S e t t i n g c u r r e n t image and v i d e o p a r a m e t e r s
65 v_index = p a r a m e t e r _ s e t s ( j , 1 ) ;
66 im_index = p a r a m e t e r _ s e t s ( j , 2 ) ;
67 % Make high r e s o l u t i o n image and c o r r e s p o n d i n g v i d e o with c u r r e n t p a r a m e t e r s :
68 h i g h r e s _ i m a g e s { j } = make_sine_image_for_video ( video_param ( v_index ) , ...

image_param ( im_index ) ) ;
69 v i d e o s { j } = ...

video_maker ( h i g h r e s _ i m a g e s { j } , video_param ( v_index ) , image_param ( im_index ) ) ;
70 % D i s p l a y a l l the p a r a m e t e r s :
71 d i s p ( [ '−−−−−−−−−−Parameters v i d e o ' num2str ( j ) '−−−−−−−−−−−−−−− ' ] )
72 d i s p ( video_param ( v_index ) )
73 d i s p ( ' −−−−−−−−−−−−−−−−−−−− ' )
74 d i s p ( video_param ( v_index ) .satcam_param )
75 d i s p ( ' −−−−−−−−−−−−−−−−−−−− ' )
76 d i s p ( image_param ( im_index ) )
77 % C o l l e c t a l l the p a r a m e t e r s :
78 all_param ( j ) = s t r u c t ( ' video_param ' , video_param ( v_index ) , . . .
79 ' image_param ' , image_param ( im_index ) ) ;
80 end
81 %% Save v i d e o s and c o r r e s p o n d i n g p a r a m e t e r s f o r use i n t e s t s c r i p t s :
82 s a v e ( [ ' videos_ ' name ] , ' v i d e o s ' )
83 s a v e ( [ ' parameters_ ' name ] , ' all_param ' )

Video parameters
Example of video parameters sets generated by video_sim:
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1 1 2 3 4 5
2 video_param −−−−−− −−−−−− −−−−−− −−−−−− −−−−−−
3 s i z e _ o u t 256 256 256 256 256 256 256 256 256 ...

256
4 fr ame s 25 25 25 25 25
5 frame_rate 5 5 5 5 5
6 f r a m e _ s h i f t 0 1 . 2 2 5 5 0 1 . 2 2 5 5 0 1 . 2 2 5 5 0 1 . 2 2 5 5 0 ...

1 . 2 2 5 5
7 h i g h r e s 2507 2807 2507 2807 2507 2807 2507 2807 2507...

2807
8 exp_time 0 . 1 9 0 . 1 9 0 . 1 9 0 . 1 9 0 . 1 9
9 satcam_param −−−−−− −−−−−− −−−−−− −−−−−− −−−−−−

10 T 5668 . 1 4 0 4 5668 . 1 4 0 4 5668 . 1 4 0 4 5668 . 1 4 0 4 ...
5668 . 1 4 0 4

11 speed_sat_OH 7160 . 9 6 8 9 7160 . 9 6 8 9 7160 . 9 6 8 9 7160 . 9 6 8 9 ...
7160 . 9 6 8 9

12 image_cov 299183 . 5 3 2 6 299183 . 5 3 2 6 299183 . 5 3 2 6 299183 . 5 3 2 6 ...
299183 . 5 3 2 6

13 image_cov_wl 19 . 9 4 5 6 19 . 9 4 5 6 19 . 9 4 5 6 19 . 9 4 5 6 19 . 9 4 5 6
14 s p a t _ r e s 1168 . 6 8 5 7 1168 . 6 8 5 7 1168 . 6 8 5 7 1168 . 6 8 5 7 ...

1168 . 6 8 5 7
15 image_speed 6 . 1 2 7 4 6 . 1 2 7 4 6 . 1 2 7 4 6 . 1 2 7 4 6 . 1 2 7 4
16 h e i g h t _ s a t 500 500 500 500 500
17 FOV 40 40 40 40 40
18 a r r a y _ s i z e 256 256 256 256 256
19 r e s e t _ t i m e 0 . 0 1 0 . 0 1 0 . 0 1 0 . 0 1 0 . 0 1
20 image_param −−−−−− −−−−−− −−−−−− −−−−−− −−−−−−
21 i n t e n s i t y 0 . 6 0 . 6 0 . 6 0 . 6 0 . 6
22 SNR_factor 0 5 20 50 100
23 s i n e _ a m p l i t u d e 0 . 0 3 0 . 0 3 0 . 0 3 0 . 0 3 0 . 0 3
24 s i n e _ a n g l e 10 10 10 10 10

E.5 Motion Blur
make_chirp_image.m

1 f u n c t i o n im_chirp = make_chirp_image ( f_x )
2
3 i f ( n a r g i n ==0)
4 f_x = [ 5 10 20 40 70 1 0 0 ] ; %c y c l e s per image
5 end
6 f_x
7 N = l e n g t h ( f_x ) ;
8 l e n = 2 0 0 ;
9 im_chirp = z e r o s ( 3 0 0 ,N∗ l e n ) ; %Set s i z e and r e s o l u t i o n o f c h i r p image

10 f_x = f_x /(N∗ l e n ) ; %c y c l e s per p i x e l
11
12 i n t e n s i t y= 0 . 5 ;
13 amplitude= 0 . 3 ;
14
15 s t a r t _ p o s = 1 ;
16 phase = z e r o s ( 1 ,N) ;
17 phase ( 1 ) = 0 ;
18 f o r i = 1 :N
19 end_pos = s t a r t _ p o s+len −1;
20 n = 0 : len −1;
21 s i n e = amplitude ∗ s i n (2∗ p i ∗ f_x ( i ) ∗n+phase ( i ) )+i n t e n s i t y ;
22 im_chirp ( : , s t a r t _ p o s : end_pos ) = ones ( s i z e ( im_chirp , 1 ) , 1 ) ∗ s i n e ;
23 s t a r t _ p o s = end_pos +1;
24 phase ( i +1) = phase ( i ) +2∗ p i ∗ f_x ( i ) ∗ l e n ;
25 end
26
27 im_chirp = u i n t 8 (256∗ im_chirp ) ;

make_sinus_image.m

1 f u n c t i o n im_sinus = make_sinus_image ( im_size , num_of_periods , i n t e n s i t y , ...
amplitude , a n g l e )

2 %making an image with s i n u s o i d a l s t r i p e s o f with mean " i n t e n s i t y " and
3 %amplitude " amplitude "
4 %a n g l e g i v e n i n d e g r e e s , 0 = v e r t i c a l s t r i p e s
5
6 im_sinus=z e r o s ( im_size ) ;
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7 N = s i z e ( im_sinus , 2 ) ;
8 M = s i z e ( im_sinus , 1 ) ;
9 kx = c o s ( a n g l e ∗ p i /180) ∗ num_of_periods /N;

10 ky = s i n ( a n g l e ∗ p i /180) ∗ num_of_periods /N;
11 u = ( 1 :N) ∗(2∗ kx∗ p i ) ;
12 U = ones (M, 1 ) ∗u ;
13 v = ( 1 :M) ∗(2∗ ky∗ p i ) ;
14 V = v ' ∗ ones ( 1 ,N) ;
15
16 im_sinus = amplitude ∗ s i n (U+V)+i n t e n s i t y ;
17 im_sinus = u i n t 8 (256∗ im_sinus ) ;
18 end

make_sinus_image2.m

1 f u n c t i o n im_sinus = make_sinus_image2 ( im_size , p e r i o d , i n t e n s i t y , amplitude , a n g l e )
2 %making an image with s i n u s o i d a l s t r i p e s o f with mean " i n t e n s i t y " and
3 %amplitude " amplitude "
4 %p e r i o d i s the p e r i o d o f the s i n e i n #p i x e l s
5
6 im_sinus=z e r o s ( im_size ) ;
7 N = s i z e ( im_sinus , 2 ) ;
8 M = s i z e ( im_sinus , 1 ) ;
9 kx = c o s ( a n g l e ∗ p i /180) ∗(1/ p e r i o d ) ;

10 ky = s i n ( a n g l e ∗ p i /180) ∗(1/ p e r i o d ) ;
11 u = ( 1 :N) ∗(2∗ kx∗ p i ) ;
12 U = ones (M, 1 ) ∗u ;
13 v = ( 1 :M) ∗(2∗ ky∗ p i ) ;
14 V = v ' ∗ ones ( 1 ,N) ;
15
16 im_sinus = amplitude ∗ s i n (U+V)+i n t e n s i t y ;
17 end

motionblur_deconv.m

1 f u n c t i o n im_recovered = motionblur_deconv ( im_blurred , h_motionblur )
2 % R e s t o r a t i o n o f motion b l u r r e d image , with e d g e t a p e r and r i c h a r d s o n l u c y ...

d e c o n v o l u t i o n
3 num_it = 1 5 ;
4 h_gaussian = f s p e c i a l ( ' g a u s s i a n ' , 15 , 7) ;
5
6 im_edgetaper = e d g e t a p e r ( im_blurred , h_gaussian ) ;
7 im_recovered = d e c o n v l u c y ( im_edgetaper , h_motionblur , num_it ) ;
8 end

motionblur_maker.m

1 f u n c t i o n [ im_blurred_mat h_mb ] = motionblur_maker ( im , blur_len , b l u r _ a n g l e )
2 %S i m u l a t i o n o f motion blur , r e t u r n i n g a matrix with b l u r r e d images and
3 %b l u r k e r n e l s
4 %( f o r m e r name : mb_sim )
5
6 i f ( nargin <4)
7 b l u r _ a n g l e =0;
8 end
9

10 c u t_ l en g th = c e i l (max( b l u r _ l e n ) /3) ; %D e f i n i n g how much to cut a c c o r d i n g to ...
b l u r l e n g t h

11
12
13 %im_blurred_mat = z e r o s ( s i z e ( im , 1 )−2∗cut_length , s i z e ( im , 2 )−2∗cut_length , ...

l e n g t h ( b l u r _ l e n ) +1) ;
14 im_blurred_mat = c e l l ( l e n g t h ( b l u r _ l e n ) +1) ;
15
16 % Cutting , p l o t t i n g and s a v i n g the o r i g i n a l image :
17 im_cut = ...

im ( ( cu t _l e ng t h +1) : ( end−c ut _ le n gt h ) , ( c ut _ le n gt h +1) : ( end−c ut _ le n gt h ) ) ; ...
%Cut to compare with b l u r r e d image
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18 im_blurred_mat {1} = im_cut ;
19 h_mb{1}=0;
20 %{
21 f i g u r e
22 s u b p l o t ( c e i l ( l e n g t h ( b l u r _ l e n ) /3) , 3 , 1 )
23 imshow ( im_cut )
24 t i t l e ( im_name ) ;
25 %}
26
27 % G e n e r a t i n g and p l o t t i n g b l u r r e d images :
28
29 f o r i = 1 : l e n g t h ( b l u r _ l e n )
30 % Create b l u r
31 h_mb{ i +1} = f s p e c i a l ( ' motion ' , b l u r _ l e n ( i ) , b l u r _ a n g l e ) ;
32 temp = i m f i l t e r ( im , h_mb{ i +1}, ' conv ' , ' r e p l i c a t e ' ) ;
33
34 % Cut e d g e s to a v o i d a r t i f a c t s :
35 im_blurred_mat{ i +1} = ...

temp ( ( c ut _ le n gt h +1) : ( end−c ut _ le n gt h ) , ( c ut _ le n gt h +1) : ( end−c ut _ le n gt h ) ) ;
36
37 % P l o t
38 %{
39 s u b p l o t ( c e i l ( l e n g t h ( b l u r _ l e n ) /3) , 3 , i +1)
40 imshow ( u i n t 8 ( im_blurred_mat ( : , : , i +1) ) )
41 t i t l e ( [ ' b l u r l e n g t h =' num2str ( f l o o r ( b l u r _ l e n ( i ) ) ) ] ) ;
42 %}
43 end
44 end

motionblur_sim.m

1 %% S i m u l a t i o n o f motion b l u r
2 c l o s e a l l
3 c l e a r a l l
4
5 %To s a v e f i g u r e s :
6 %s a v e a s ( g c f , '/ home/ marianne / S k o l e /NUTS/ r e p o r t 2 / m a t l a b f i g u r e r /name ' , ' f i g ' )
7 %s a v e a s ( g c f , '/ home/ marianne / S k o l e /NUTS/ r e p o r t 2 / m a t l a b f i g u r e r /name ' , ' pdf ' )
8
9 % number_of_pixels = 5 1 2 ;

10 % i n t e n s i t y = 0 . 6 ;
11 % amplitude = 0 . 0 5 ∗ i n t e n s i t y ;
12 % a n g l e = 0 ;
13 % number_of_periods = [ 2 3 4 5 6 1 0 ] ;
14 % v_im = 0 . 0 2 ; %image v e l o c i t y r e l a t i v e to image s i z e !
15 % t _ i n t = 1 ;
16 % b l u r _ l e n = v_im∗ t _ i n t ; %b l u r l e n g t h r e l a t i v e to image s i z e ! ! !
17 % b l u r _ a n g l e = 0 ;
18 %
19 % f o r i = 1 : l e n g t h ( number_of_periods )
20 % im_sinus = make_sinus_image ( number_of_pixels , ...

number_of_periods ( i ) , i n t e n s i t y , amplitude , a n g l e ) ;
21 % [ im_blurred_mat{ i } h_mb{ i } ] = motionblur_maker ( im_sinus , ...

b l u r _ l e n ∗ number_of_pixels , b l u r _ a n g l e ) ;
22 % im_blurred_stack { i } = im_blurred_mat{ i }{2};
23 % end
24
25 %plot_im_stack ( im_blurred_stack , ' q ' )
26 %
27 %
28 %% −−−−P l o t t i n g o f f r e q u e n c y r e s p o n s e :
29 % v_im = 1 ;
30 % t _ i n t = 1 ;
31 % u = l i n s p a c e ( 0 , 1 0 , 1 0 0 0 ) ;
32 % H = 1 . /( p i ∗u∗v_im ) . ∗ s i n ( p i ∗u∗v_im∗ t _ i n t ) ;
33 % f i g u r e ( 1 0 )
34 % p l o t ( u ,H)
35 % g r i d on
36 % x l a b e l ( ' Frequency [ c y c l e s / image ] ' )
37 % hold on
38 %% Computing z e r o s :
39 % c l e a r a l l
40 % syms v
41 % syms v_im
42 % syms t _ i n t
43 % H = 1/( p i ∗v∗v_im ) ∗ s i n ( p i ∗v∗v_im∗ t _ i n t ) ;
44 % %diff_H = d i f f (H) ;
45 % v = s o l v e (H)
46
47
48 %% p l o t t i n g z e r o s :
49 %v_im = 0 . 0 1 8 5 ; %c o r r e s p o n d i n g p a r a m e t e r s : 550 ,45
50 v_im = 0 . 0 2 4 ; %c o r r e s p o n d i n g to image c o v e r a g e 300 km, V' = 7 . 1 6 ( h_sat = 500)
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51 t _ i n t = l i n s p a c e ( 0 , 5 , 100) ;
52 im_cov = 3 0 0 ;
53 z e r o c r o s s i n g s = 1 . /( v_im∗ t _ i n t ) ;
54 z er o _w a ve l en g th s = im_cov. / z e r o c r o s s i n g s ;
55 f i g u r e
56 p l o t ( t_int , z er o _w a ve l en g th s )
57 x l a b e l ( ' I n t e g r a t i o n time [ s ] ' )
58 y l a b e l ( ' Wavelength at f i r s t z e r o [ km ] ' )
59
60 f i g u r e
61 p l o t ( t_int , z e r o c r o s s i n g s )
62 x l a b e l ( ' I n t e g r a t i o n time [ s ] ' )
63 y l a b e l ( ' Wavelength at f i r s t z e r o [ km ] ' )
64 a x i s ( [ 0 5 0 2 0 0 ] )
65
66
67 v_im = [ 0 . 0 1 0 7 0 . 0 1 3 3 0 . 0 1 8 5 0 . 0 2 8 7 0 . 0 3 7 4 ] ;
68 %c o r r e s p o n d i n g p a r a m e t e r s : 650 ,60 − 550 ,60 − 550 ,45 − 550 ,30 − 450 ,30
69 im_cov = [ 6 4 8 532 382 247 1 9 3 ] ; %c o r r e s p o n d i n g image c o v e r a g e
70 t _ i n t = l i n s p a c e ( 0 , 1 0 , 100) ;
71 f i g u r e
72 c o l o u r s = [ ' b ' ' r ' ' g ' ' c ' 'm' ] ;
73 f o r i = 1 : l e n g t h ( v_im )
74 z e r o c r o s s i n g s = 1 . /( v_im ( i ) ∗ t _ i n t ) ;
75 ze r o_ w av e le n gt h s = im_cov ( i ) . / z e r o c r o s s i n g s ;
76 p l o t ( t_int , zero_wavelengths , c o l o u r s ( i ) )
77 hold on
78 end
79 l e g e n d ( ' 650 ,60 ' , ' 550 ,60 ' , ' 550 ,45 ' , ' 550 ,30 ' , ' 450 ,30 ' )
80 x l a b e l ( ' I n t e g r a t i o n time [ s ] ' )
81 y l a b e l ( ' Wavelength at f i r s t z e r o [ km ] ' )
82
83 % %Computing second d e r i v a t i v e to f i n d " vendepunkt " :
84 % delta_x = u ( 2 )−u ( 1 ) ;
85 % ddH = (H( 1 : end−2)−2∗H( 2 : end−1)+H( 3 : end ) ) / delta_x ^ 2 ;
86 % p l o t ( u ( 2 : end−1) ,10∗ddH)
87 % g r i d on
88 %
89 % syms u
90 % H = 1/( p i ∗u∗v_im ) ∗ s i n ( p i ∗u∗v_im∗ t _ i n t ) ;
91 % diff_H = d i f f ( d i f f (H) )
92 % s o l v e ( diff_H )
93
94 %% T e s t i n g with c h i r p image :
95 %−−−parameters−−−−
96 c h i r p _ f r e q = [ 5 10 15 20 25 3 0 ] ;
97 im_chirp = make_chirp_image ( c h i r p _ f r e q ) ;
98 t _ i n t = [ 1 2 3 ] ;
99 v_im = 0 . 0 2 4 ; %image v e l o c i t y r e l a t i v e to image s i z e !

100 b l u r _ l e n = v_im∗ t _ i n t ; %b l u r l e n g t h r e l a t i v e to image s i z e ! ! !
101 b l u r _ a n g l e = 0 ;
102 number_of_pixels = s i z e ( im_chirp , 2 ) ;
103 % %−−−−−−−−−−−−−−−−−−−−−−−−−−−
104 % make c h i r p image :
105 [ im_blurred_mat_chirp h_mb ] = motionblur_maker ( im_chirp , ...

b l u r _ l e n ∗ number_of_pixels , b l u r _ a n g l e ) ;
106 %p l o t c h i r p image :
107 % t i t l e s {1}=[ ' S i n e f r e q u e n c i e s : ' mat2str ( c h i r p _ f r e q ) ' , O r i g i n a l image ' ] ;
108 % f o r i = 1 : l e n g t h ( b l u r _ l e n )
109 % t i t l e = [ ' S i n e f r e q u e n c i e s : ' mat2str ( c h i r p _ f r e q ) ' , e x p o s u r e time = ' ...

num2str ( t _ i n t ( i ) ) ] ;
110 % t i t l e s { i +1} = t i t l e ;
111 % end
112 % plot_im_stack ( im_blurred_mat_chirp , ' l ' , t i t l e s )
113
114
115 %% P l o t b l u r and f r e q u e n c y r e s p o n s e t o g e t h e r
116 % c l e a r t i t l e
117 % f i g u r e
118 % s u b p l o t ( 5 , 1 , 1 )
119 % %f r e q r e s p o n s e :
120 % u = l i n s p a c e ( 1 , 1 0 0 , 1 0 0 0 ) ;
121 % c o l o r = [ ' r ' ' g ' ' b ' ] ;
122 % f o r i = 1 : l e n g t h ( b l u r _ l e n )
123 % H = 1 . /( p i ∗u∗v_im ) . ∗ s i n ( p i ∗u∗ b l u r _ l e n ( i ) ) ;
124 % p l o t ( u , H, c o l o r ( i ) )
125 % hold on
126 % end
127 % g r i d on
128 % %t i t l e ( ' Motion b l u r f i l t e r i n the f r e q u e n c y domain ' )
129 % x l a b e l ( ' Frequency [ c y c l e s / image ] ' )
130 % a x i s ( [ 2 . 5 32 . 5 −0 . 7 3 ] )
131 % l e g e n d ( [ ' t_{ i n t } =' num2str ( t _ i n t ( 1 ) ) ] , [ ' t_{ i n t } =' ...

num2str ( t _ i n t ( 2 ) ) ] , [ ' t_{ i n t } =' num2str ( t _ i n t ( 3 ) ) ] )
132 % hold o f f
133 % %images :
134 % s u b p l o t ( 5 , 1 , 2 )
135 % imshow ( im_blurred_mat_chirp {1})
136 % t i t l e ( ' f r e q : [ 5 10 15 20 25 3 0 ] , o r i g i n a l ' )
137 % s u b p l o t ( 5 , 1 , 3 )
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138 % imshow ( im_blurred_mat_chirp {2})
139 % t i t l e ( ' f r e q : [ 5 10 15 20 25 3 0 ] , t_{ i n t } = 1 ' )
140 % s u b p l o t ( 5 , 1 , 4 )
141 % imshow ( im_blurred_mat_chirp {3})
142 % t i t l e ( ' f r e q : [ 5 10 15 20 25 3 0 ] , t_{ i n t } = 2 ' )
143 % s u b p l o t ( 5 , 1 , 5 )
144 % imshow ( im_blurred_mat_chirp {4})
145 % t i t l e ( ' f r e q : [ 5 10 15 20 25 3 0 ] , t_{ i n t } = 3 ' )
146 %
147 % t i t l e s = { ' ( b ) O r i g i n a l image ' , ' ( c ) Exposure time 1 s ' , ' ( d ) Exposure time 2 ...

s ' , ' ( e ) Exposure time 3 s ' }
148 % plot_im_stack ( im_blurred_mat_chirp , ' l ' , t i t l e s )
149 %
150 %
151 %
152 % %% −−− D e b l u r r i n g a s i n g l e c h i r p image :
153 % blur_index = 4 ;
154 % im_blurred = im_blurred_mat_chirp { blur_index } ;
155 % h_motionblur = h_mb{ blur_index } ;
156 % num_it = 1 5 ;
157 % h_gaussian = f s p e c i a l ( ' g a u s s i a n ' , 15 , 7) ;
158 % im_r_plain = d e c o n v l u c y ( im_blurred , h_motionblur , num_it ) ;
159 % im_edgetaper = e d g e t a p e r ( im_blurred , h_gaussian ) ;
160 % im_r_edgetaper = d e c o n v l u c y ( im_edgetaper , h_motionblur , num_it ) ;
161 %
162 % % p l o t with f r e q u e n c y r e s p o n s e :
163 % f i g u r e
164 % s u b p l o t ( 4 , 1 , 4 )
165 % imshow ( im_r_edgetaper )
166 % s u b p l o t ( 4 , 1 , 3 )
167 % imshow ( im_blurred )
168 % s u b p l o t ( 4 , 1 , 2 )
169 % imshow ( im_blurred_mat_chirp {1})
170 % s u b p l o t ( 4 , 1 , 1 )
171 % u = l i n s p a c e ( min ( c h i r p _ f r e q ) ,max( c h i r p _ f r e q ) , 1 0 0 0 ) ;
172 % H = 1 . /( p i ∗u∗v_im ) . ∗ s i n ( p i ∗u∗ b l u r _ l e n ( blur_index−1) ) ;
173 % p l o t ( u ,H)
174 % g r i d on
175 % x l a b e l ( ' Frequency [ c y c l e s / image ] ' )
176 % a x i s ( [ min ( c h i r p _ f r e q )−2 . 5 max( c h i r p _ f r e q )+2 . 5 −0. 5 2 1 . 9 ] )
177
178 % % D e b l u r r i n g s e v e r a l c h i r p images :
179 % t i t l e s {1}=[ ' S i n e f r e q u e n c i e s : ' mat2str ( c h i r p _ f r e q ) ' , O r i g i n a l image ' ] ;
180 % im_r_mat_chirp {1} = im_blurred_mat_chirp { 1 } ;
181 % f o r i = 1 : l e n g t h ( b l u r _ l e n )
182 % im_blurred = im_blurred_mat_chirp { i +1};
183 % h_motionblur = h_mb{ i +1};
184 % im_r_plain = d e c o n v l u c y ( im_blurred , h_motionblur , num_it ) ;
185 % im_edgetaper = e d g e t a p e r ( im_blurred , h_gaussian ) ;
186 % im_r_edgetaper = d e c o n v l u c y ( im_edgetaper , h_motionblur , num_it ) ;
187 %
188 % im_r_mat_chirp{ i +1} = im_r_edgetaper ;
189 % t i t l e = [ ' S i n e f r e q u e n c i e s : ' mat2str ( c h i r p _ f r e q ) ' , e x p o s u r e time = ' ...

num2str ( t _ i n t ( i ) ) ] ;
190 % t i t l e s { i +1} = t i t l e ;
191 % end
192 % t i t l e s = { ' ( b ) O r i g i n a l image ' , ' ( c ) Exposure time 1 s ' , ' ( d ) Exposure time 2 ...

s ' , ' ( e ) Exposure time 3 s ' }
193 % plot_im_stack ( im_r_mat_chirp , ' l ' , t i t l e s )
194 %
195
196 %t i t l e ( ' r e c o v e r e d image ' )
197 %d i f f e r e n c e between r e c o v e r e d and o r i g i n a l image :
198 % i m _ d i f f = im_blurred_mat_chirp{1}−im_r_edgetaper ;
199 % f i g u r e
200 % imshow ( i m _ d i f f )
201
202 %% b l u r / d e b l u r images :
203 N_px = 2 5 6 ;
204 n r _ p e r i o d s = 2 0 ;
205 i n t e n s i t y = 0 . 6 ;
206 amplitude = 0 . 0 5 ∗ i n t e n s i t y ;
207 a n g l e = 1 0 ;
208
209 im_sine = make_sinus_image (N_px , nr_periods , i n t e n s i t y , amplitude , a n g l e ) ;
210
211 t _ i n t = 1 ;
212 v_im = 0 . 0 2 4 ; %image v e l o c i t y r e l a t i v e to image s i z e !
213 b l u r _ l e n = v_im∗ t _ i n t ;
214 [ im_blurred_sine h_mb ] = motionblur_maker ( im_sine , b l u r _ l e n ∗N_px , b l u r _ a n g l e ) ;
215
216 num_it = 1 5 ;
217 h_gaussian = f s p e c i a l ( ' g a u s s i a n ' , 15 , 7) ;
218 %im_r_plain = d e c o n v l u c y ( im_blurred_sine {2} ,h_mb{2} , num_it ) ;
219 im_edgetaper = e d g e t a p e r ( im_blurred_sine {2} , h_gaussian ) ;
220 im_r_edgetaper = d e c o n v l u c y ( im_edgetaper , h_mb{2} , num_it ) ;
221 %
222 % c l e a r t i t l e
223 % f i g u r e
224 % imshow ( im_sine )
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225 % t i t l e ( ' o r i g i n a l image ' )
226 % f i g u r e
227 % imshow ( im_blurred_sine {2})
228 % t i t l e ( ' b l u r r e d image ' )
229 % f i g u r e
230 % imshow ( im_r_edgetaper )
231 % t i t l e ( ' r e c o v e r e d image ' )
232
233 %% b l u r / d e b l u r s e v e r a l images :
234 t _ i n t = 0 . 5 : 0 . 1 : 3 ;
235 v_im = 0 . 0 2 4 ; %image v e l o c i t y r e l a t i v e to image s i z e !
236 b l u r _ l e n = v_im∗ t _ i n t ;
237
238 [ im_blurred_sine h_mb ] = motionblur_maker ( im_sine , b l u r _ l e n ∗N_px , b l u r _ a n g l e ) ;
239 im_r_mat{1} = im_blurred_sine { 1 } ;
240 im_r_mat_cut{1} = im_blurred_sine {1}(N_px/2−25:N_px/2+25 ,N_px/2−50:N_px/2+50) ;
241 im_blurred_cut {1} = im_blurred_sine {1}(N_px/2−25:N_px/2+25 ,N_px/2−50:N_px/2+50) ;
242 %im_diff_mat{ i +1} = im_r_mat_cut{1}−im_r_mat_cut { 1 } ;
243
244 f o r i = 1 : l e n g t h ( b l u r _ l e n )
245 im_blurred = im_blurred_sine { i +1};
246 im_blurred_cut { i +1} = ...

im_blurred_sine { i +1}(N_px/2−25:N_px/2+25 ,N_px/2−50:N_px/2+50) ;
247
248 h_motionblur = h_mb{ i +1};
249
250 %im_r_plain = d e c o n v l u c y ( im_blurred , h_motionblur , num_it ) ;
251 im_edgetaper = e d g e t a p e r ( im_blurred , h_gaussian ) ;
252 im_r_edgetaper = d e c o n v l u c y ( im_edgetaper , h_motionblur , num_it ) ;
253
254 im_r_mat{ i +1} = im_r_edgetaper ;
255 im_r_mat_cut{ i +1} = im_r_edgetaper (N_px/2−25:N_px/2+25 ,N_px/2−50:N_px/2+50) ;
256
257 end
258
259 % % SNR and f r e q u e n c y r e s p o n s e :
260 % snr_r = z e r o s ( 1 , l e n g t h ( t _ i n t ) ) ;
261 % s n r _ b l u r = z e r o s ( 1 , l e n g t h ( t _ i n t ) ) ;
262 % f o r i = 1 : l e n g t h ( b l u r _ l e n )
263 % im_power = sum ( double ( im_r_mat_cut { 1 } ( : ) . ^ 2 ) ) ;
264 % %SNR between o r i g i n a l and r e c o v e r e d image :
265 % im_diff_r = im_r_mat_cut{1}−im_r_mat_cut{ i +1};
266 % diff_r_power = sum ( double ( im_diff_r ( : ) . ^ 2 ) ) ;
267 % snr_r ( i ) = im_power. / diff_r_power ;
268 % %SNR between o r i g i n a l and b l u r r e d image :
269 % i m _ d i f f _ b l u r = im_blurred_cut{1}−im_blurred_cut { i +1};
270 % d i f f _ b l u r _ p o w e r = sum ( double ( i m _ d i f f _ b l u r ( : ) . ^ 2 ) ) ;
271 % s n r _ b lu r ( i ) = im_power. / d i f f _ b l u r _ p o w e r ;
272 % end
273 % u = 2 0 ;
274 % H_20 = 1 . /( p i ∗u∗v_im ) . ∗ s i n ( p i ∗u∗v_im∗ t _ i n t ) ;
275 % H_20_norm = H_20./ t _ i n t ;
276 % %p l o t SNR and f r e q u e n c y r e s p o n s e t o g e t h e r :
277 % c l e a r t i t l e
278 % f i g u r e
279 % p l o t ( t_int , 1 0 ∗ l o g 1 0 ( s n r _ b l u r ) , ' s− ')
280 % hold on
281 % [AX, H1 , H2 ] = p l o t y y ( t_int , 1 0 ∗ l o g 1 0 ( snr_r ) , t_int , H_20_norm) ;
282 % s e t ( g e t (AX( 1 ) , ' Ylabel ' ) , ' S t r i n g ' , ' SNR (dB) ' )
283 % s e t ( g e t (AX( 2 ) , ' Ylabel ' ) , ' S t r i n g ' , ' Normalized |H( f_x = 20 ) | ' , ' c o l o r ' , ' r ' )
284 % s e t (AX( 2 ) , ' YColor ' , ' r ' )
285 % s e t (H1 , ' Marker ' , ' o ' )
286 % s e t (H2 , ' Color ' , ' r ' )
287 % g r i d on
288 % l e g e n d ( 'SNR b l u r r e d image ' , ' SNR r e c o v e r e d image ' , ' Frequency r e s p o n s e ' )
289 % x l a b e l ( ' I n t e g r a t i o n time [ s ] ' )
290 % p l o t ( [ 2 . 1 2 . 1 ] , [ 1 0 4 0 ] , ' k−−')
291
292 % p l o t t i n g o f many image segments :
293 c l e a r t i t l e
294 c l e a r t i t l e s
295 %i n d e x = [ 1 0 12 14 15 16 17 18 2 0 ] ; %l o n g i n t t i m e s
296 i n d e x = [ 1 2 4 6 8 10 12 1 4 ] ; %s h o r t i n t t i m e s
297 %i n d e x = [ 6 12 1 7 ] ; % t _ i n t =[1 1 . 6 2 . 1 ] , s e l c t i o n f o r r e p o r t
298 t _ i n t ( i n d e x )
299 t i t l e s {1}= ' O r i g i n a l image ' ;
300 p l o t _ r {1} = im_r_mat_cut { 1 } ;
301 p l o t _ b l u r {1} = im_blurred_cut { 1 } ;
302 plot_combo = c e l l ( 1 , 6 ) ;
303 t i t l e s _ c o m b o = c e l l ( 1 , 6 ) ;
304 %makin image s t a c k s f o r p l o t t i n g :
305 f o r i = 1 : l e n g t h ( i n d e x )
306 t i t l e = [ ' Exposure time = ' num2str ( t _ i n t ( i n d e x ( i ) ) ) ] ;
307 t i t l e s { i +1} = t i t l e ;
308 p l o t _ r { i +1} = im_r_mat_cut{ i n d e x ( i ) +1};
309 p l o t _ b l u r { i +1} = im_blurred_cut { i n d e x ( i ) +1};
310
311 plot_combo {3∗ i−2} = p l o t _ b l u r { i +1}; %dummy image
312 t i t l e s _ c o m b o {3∗ i−2} = ' ' ;
313 plot_combo {3∗ i−1} = p l o t _ b l u r { i +1};
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314 t i t l e s _ c o m b o {3∗ i−1} = ' ' ;
315
316 plot_combo {3∗ i } = p l o t _ r { i +1};
317 t i t l e s _ c o m b o {3∗ i } = ' ' ;
318 end
319 plot_im_stack ( p l o t _ b l u r , ' q ' , t i t l e s )
320 plot_im_stack ( plot_r , ' q ' , t i t l e s )
321
322 %plot_im_stack ( plot_combo , ' q ' , t i t l e s _ c o m b o )
323
324 %% T e s t i n g f o r d e v i a t i o n s i n speed :
325 %s i n e t e s t image
326 N_px = 2 5 6 ;
327 n r _ p e r i o d s = 2 0 ;
328 i n t e n s i t y = 0 . 6 ;
329 amplitude = 0 . 5 ∗ i n t e n s i t y ;
330 a n g l e = 1 0 ;
331 im_sine = make_sinus_image (N_px , nr_periods , i n t e n s i t y , amplitude , a n g l e ) ;
332
333 %b l u r r e d image
334 v_im = 0 . 0 2 4 ; %image v e l o c i t y r e l a t i v e to image s i z e !
335 t _ i n t _ t e s t = 1 . 6 ;
336 b l u r _ a n g l e = 0 ;
337 b l u r _ l e n = v_im∗ t _ i n t _ t e s t ;
338 %[ im_blurred_sine h_mb ] = motionblur_maker ( im_sine , b l u r _ l e n ∗N_px , b l u r _ a n g l e ) ;
339 %R e c o v e r i n g image with v a r y i n g e s t i m a t e d image speed :
340 %v_im_fake = [ 1 0 . 6 0 . 8 1 . 1 1 . 2 ] ∗ v_im ;
341 v_im_fake = [ 1 0 . 9 1 . 1 ] ∗ v_im ;
342 b l u r _ l e n _ f a k e = v_im_fake. ∗ t _ i n t _ t e s t ;
343
344 %c h i r p image or s i n e images :
345 %c h i r p :
346 im_test = im_chirp ;
347 N_px = number_of_pixels ;
348 [ im_blurred_mat_chirp h_mb ] = motionblur_maker ( im_test , b l u r _ l e n ∗N_px , b l u r _ a n g l e ) ;
349 im_blurred = im_blurred_mat_chirp { 2 } ;
350 im_r_fake = c e l l ( 1 , l e n g t h ( b l u r _ l e n _ f a k e ) ) ;
351 im_r_fake {1} = im_chirp ;
352 f o r i = 1 : l e n g t h ( b l u r _ l e n _ f a k e )
353 h_motionblur = f s p e c i a l ( ' motion ' , b l u r _ l e n _ f a k e ( i ) ∗N_px , b l u r _ a n g l e ) ;
354 im_r_fake{ i +1} = motionblur_deconv ( im_blurred , h_motionblur ) ;
355 end
356 c l e a r t i t l e s
357 c l e a r t i t l e
358 %t i t l e s = { '−40% ' , '−20% ' , '+10% ' , '+20% '};
359 t i t l e s = { ' O r i g i n a l image ' , ' Recovered image , c o r r e c t speed ' '−10% d e v i a t i o n i n ...

speed ' , '+10% d e v i a t i o n i n speed ' , } ;
360 plot_im_stack ( im_r_fake , ' l ' , t i t l e s )
361 f i g u r e
362 imshow ( im_r_fake {2})
363 %t i t l e ( ' c o r r e c t image speed ' )
364 f i g u r e
365 imshow ( im_r_fake {1})
366 %t i t l e ( ' o r i g i n a l image ' )
367
368 %% T e s t i n g with n o i s e :
369 v_im = 0 . 0 2 4 ; %image v e l o c i t y r e l a t i v e to image s i z e !
370 b l u r _ a n g l e = 0 ;
371 b l u r _ l e n = v_im∗ t _ i n t ;
372
373 %make t e s t image without n o i s e :
374 im_size = 2 5 6 ;
375 number_of_periods = 2 0 ;
376 t _ i n t = 1 . 6 ;
377 SNR_factor = [ 5 0 1 0 0 ] ;
378 sine_dc = 0 . 6 ; % DC l e v e l o f s i n e images per second
379 s i n e _ a n g l e = 1 0 ;
380 sine_amp = 0 . 0 5 ∗ sine_dc ;
381 im_sine = make_sinus_image ( im_size , number_of_periods , sine_dc , ...

sine_amp , s i n e _ a n g l e ) ;
382 %b l u r image :
383 [ im_blurred h_mb ] = motionblur_maker ( im_sine , b l u r _ l e n ∗ im_size , b l u r _ a n g l e ) ;
384 %add n o i s e :
385 new_im_size = s i z e ( im_blurred {2} ,1 ) ;
386 n o i s e _ s t d = s i n e _ d c . /( SNR_factor ∗ s q r t ( t _ i n t ) ) ;
387 im_blurred_noisy1 = im_blurred {2}+( u i n t 8 (256∗ n o i s e _ s t d ( 1 ) ∗ randn ( new_im_size ) ) ) ;
388 im_blurred_noisy2 = im_blurred {2}+( u i n t 8 (256∗ n o i s e _ s t d ( 2 ) ∗ randn ( new_im_size ) ) ) ;
389 %r e c o v e r :
390 im_rec_noisy1 = motionblur_deconv ( im_blurred_noisy1 , h_mb{2}) ;
391 im_rec_noisy2 = motionblur_deconv ( im_blurred_noisy2 , h_mb{2}) ;
392 im_rec = motionblur_deconv ( im_blurred {2} ,h_mb{2}) ;
393 %p l o t :
394 %im_plot = c e l l ( 1 , 5 ) ;
395 % t i t l e s = c e l l ( 1 , 5 ) ;
396 % t i t l e s = { ' ' , ' ' , ' ' , ' ' , ' ' , } ;
397 % im_plot {1} = im_blurred { 1 } ;
398 % im_plot {2} = im_blurred { 2 } ;
399 % im_plot {3} = im_blurred_noisy ;
400 % im_plot {4} = im_rec ;
401 % im_plot {5} = im_rec_noisy ;
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402 % plot_im_stack ( im_plot , ' q ' , t i t l e s )
403
404 % cut out segments f o r p l o t t i n g :
405 im_plot = c e l l ( 1 , 4 ) ;
406 im_plot {1} = im_blurred_noisy1 ;
407 im_plot {2} = im_rec_noisy1 ;
408 im_plot {3} = im_blurred_noisy2 ;
409 im_plot {4} = im_rec_noisy2 ;
410 N_px = new_im_size ;
411 f o r i = 1 : l e n g t h ( im_plot )
412 im_plot_cut { i } = im_plot { i }(N_px/2−25:N_px/2+25 ,N_px/2−50:N_px/2+50) ;
413 end
414
415 t i t l e s = { ' ' , ' ' , ' ' , ' ' , } ;
416 plot_im_stack ( im_plot_cut , ' q ' , t i t l e s )

plot_im_stack.m

1 % d r a f t f o r smart s u b p l o t−f u n c t i o n
2 f u n c t i o n plot_im_stack ( im_cell , mode , t i t l e _ c e l l )
3
4 n _ t o t a l = l e n g t h ( i m _ c e l l ) ; %number
5 % Quadratic c o n s t e l l a t i o n
6 i f ( mode == ' q ' )
7 % Determining the numbers o f f i g u r e s and p l o t s i n each f i g u r e :
8 number_of_figures = c e i l ( n _ t o t a l /12) ;
9 n = 12∗ ones ( 1 , number_of_figures ) ;

10 n _ l a s t _ f i g u r e = mod( n_total , 1 2 ) ;
11 n ( number_of_figures ) = n _ l a s t _ f i g u r e ;
12
13 f o r i =1: number_of_figures
14 % d e t e r m i n i n g the number o f rows to p l o t
15 n = n ( i ) ;
16 i f ( n < 4)
17 rows ( i ) = 1 ;
18 e l s e i f ( n >= 4 && n < 9)
19 rows ( i ) = 2 ;
20 e l s e i f ( n >= 9 && n <= 12)
21 rows ( i ) = 3 ;
22 end
23 %number o f columns :
24 columns ( i ) = c e i l ( n/ rows ( i ) ) ;
25 end
26
27 e l s e i f ( mode == ' l ' )
28 number_of_figures = c e i l ( n _ t o t a l /4) ;
29 n = 4∗ ones ( 1 , number_of_figures ) ;
30 n ( number_of_figures ) = mod( n_total , 1 2 ) ;
31 rows = n ;
32 columns = ones ( 1 , number_of_figures ) ;
33 e l s e i f ( mode == 'w ' )
34 number_of_figures = c e i l ( n _ t o t a l /4) ;
35 n = 4∗ ones ( 1 , number_of_figures ) ;
36 n ( number_of_figures ) = mod( n_total , 1 2 ) ;
37 columns = n ;
38 rows = ones ( 1 , number_of_figures ) ;
39 e l s e
40 d i s p ( ' I n v a l i d p l o t c o n s t e l l a t i o n ' )
41 end
42
43 %making s u b p l o t s :
44 plot_count = 0 ;
45 f o r k = 1 : number_of_figures
46 f i g u r e
47 f o r j = 1 : n ( k )
48 plot_count = plot_count +1;
49 s u b p l o t ( rows ( k ) , columns ( k ) , j )
50 imshow ( i m _ c e l l { plot_count })
51 i f ( n a r g i n ==3)
52 t i t l e ( t i t l e _ c e l l { plot_count })
53 end
54 end
55 %s e t ( g c f , ' P o s i t i o n ' , g e t ( 0 , ' S c r e e n s i z e ' ) ) ; % Maximize f i g u r e .
56 end
57 end
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APPENDIX E. MATLAB CODE

E.6 Test Images

image_detector_sim.m

1 %% S i m u l a t i o n o f d e t e c t o r background and n o i s e
2
3 c l e a r a l l
4 c l o s e a l l
5 % numbers f o r dark o f f s e t and fpn from experiment (1 s 20 deg ) :
6 d a r k _ o f f s e t = 1 1 2 3 ;
7 std_fpn = 2 4 8 ;
8 std_dn = 5 . 5 4 ;
9

10 im_size = [ 2 5 6 2 5 6 ] ;
11 %% 1D
12
13 fpn = std_fpn ∗ randn ( 1 , 2 5 6 ) ;
14 dn = std_dn ∗ randn ( 1 , 2 5 6 ) ;
15 s n r _ s c a l e = 2 ;
16
17 %s i g n a l
18 x = 1 : 2 5 6 ;
19 num_of_periods = 1 5 ;
20 s i n e _ p e r i o d = l e n g t h ( x ) / num_of_periods ;
21 s i n e _ o f f s e t = s n r _ s c a l e ∗ d a r k _ o f f s e t ;
22 sine_amp = 0 . 0 5 ∗ s i n e _ o f f s e t ;
23 s i g _ s i n e = s i n e _ o f f s e t+sine_amp ∗ s i n (2∗ p i ∗1/ s i n e _ p e r i o d ∗x ) ;
24
25 % add photon n o i s e :
26 % std_photon = s q r t ( s i n e _ o f f s e t ) ;
27 % photon_noise = std_photon. ∗ randn ( 1 , 2 5 6 ) ;
28 % s i g _ n o i s e 1 = s i g _ s i n e + photon_noise ;
29 % f i g u r e
30 % stem ( x , photon_noise )
31
32 yrange = 4 0 0 0 ;
33
34 f i g u r e
35 s u b p l o t ( 1 , 3 , 1 )
36 p l o t ( x , s i g _ s i n e )
37 y l a b e l ( ' Counts ' )
38 a x i s ( [ 1 256 0 yrange ] )
39
40 % f i g u r e
41 % p l o t ( x , s i g _ n o i s e 1 )
42 % a x i s ( [ 1 256 0 2∗ s i n e _ o f f s e t ] )
43
44 s i g _ n o i s e 2 = s i g _ s i n e + d a r k _ o f f s e t + fpn + dn ;
45 sig_dark = d a r k _ o f f s e t+fpn+dn ;
46 % f i g u r e
47 % p l o t ( x , sig_dark )
48 % a x i s ( [ 1 256 0 2∗ s i n e _ o f f s e t ] )
49
50 s i g _ n o i s e 3 = s i g _ n o i s e 2−fpn−d a r k _ o f f s e t ;
51
52 s u b p l o t ( 1 , 3 , 2 )
53 p l o t ( x , s i g _ n o i s e 2 )
54 y l a b e l ( ' Counts ' )
55 a x i s ( [ 1 256 0 yrange ] )
56 s u b p l o t ( 1 , 3 , 3 )
57 p l o t ( x , s i g _ n o i s e 3 )
58 y l a b e l ( ' Counts ' )
59 a x i s ( [ 1 256 0 yrange ] )
60
61 %% 2D:
62 %Making image with s i n e s i g n a l and background
63
64 common_scale = 0 . 8 ; %must be s c a l e d down f o r high background l e v e l s
65
66 %s i n e p a r a m e t e r s :
67 number_of_periods = 11 . 5 ;
68 sine_dc = 0 . 6 ; % DC l e v e l o f s i n e images
69 sine_dc = sine_dc ∗ common_scale ;
70 s i n e _ a n g l e = 3 0 ;
71 sine_amp = 0 . 0 5 ∗ sine_dc ;
72 std_phn = s q r t ( sine_dc ) ;
73
74 s n r _ s c a l e = 1 ; %r a t i o between s i n e dc l e v e l and background l e v e l
75 b g _ s c al e = sine_dc /( s n r _ s c a l e ∗ d a r k _ o f f s e t ) ;
76
77 %making image n o i s e :
78 fpn = std_fpn ∗ randn ( im_size ) ; %background f i x e d p a t t e r n n o i s e
79 dn = std_dn ∗ randn ( im_size ) ; %background dark ( thermal ) n o i s e
80 %phn = std_phn ∗ randn ( im_size ) ; %photon n o i s e
81
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82 bg = z e r o s ( im_size )+d a r k _ o f f s e t+fpn+dn ; %background s i g n a l
83 %bg_normalized = b g . /max( bg ( : ) ) ; %n o r m a l i z i n g to one ;
84 bg_normalized = common_scale ∗ b g _ s c a l e . ∗bg ;
85 dn_normalized = common_scale ∗ b g _ s c a l e . ∗dn ;
86 im_bg = u i n t 8 (256∗ bg_normalized ) ; %making an 8−b i t image
87 im_dn = u i n t 8 (256∗ dn_normalized ) ;
88
89 im_sig = make_sinus_image ( im_size ( 1 ) , number_of_periods , sine_dc , ...

sine_amp , s i n e _ a n g l e ) ;
90 %im_sig_noisy = im_sig+( u i n t 8 (256∗ phn ) ) ; %t r i e d to make photon n o i s e , g e t the ...

wrong s c a l i n g
91
92 im_total = im_sig+im_bg ;
93 im_dn_sig = im_sig+im_dn ;
94
95 f i g u r e
96 imshow ( im_bg )
97 %s a v e _ f i g u r e ( g c f , [ ' bg_k ' num2str ( s n r _ s c a l e ) ] )
98 f i g u r e
99 imshow ( im_sig )

100 %s a v e _ f i g u r e ( g c f , [ ' sig_k2 ' num2str ( s n r _ s c a l e ) ] )
101 f i g u r e
102 imshow ( im_total )
103 %s a v e _ f i g u r e ( g c f , [ ' total_k ' num2str ( s n r _ s c a l e ) ] )
104 f i g u r e
105 imshow ( im_dn_sig )

make_test_im.m

1 %S c r i p t f o r making one s i n g l e t e s t image with n o i s e
2 im_size = 2 5 6 ;
3 number_of_periods = 2 0 ;
4 %
5 t _ i n t = 1 . 6 ;
6 SNR_factor = 2 0 ;
7 %
8 sine_dc = 0 . 6 ; % DC l e v e l o f s i n e images per second
9 s i n e _ a n g l e = 1 0 ;

10 sine_amp = 0 . 0 5 ∗ sine_dc ;
11 n o i s e _ s t d = s i n e _ d c . /( SNR_factor ∗ s q r t ( t _ i n t ) ) ;
12 %n o i s e _ s t d = 0 ;
13
14 im_sine = make_sinus_image ( im_size , number_of_periods , sine_dc , ...

sine_amp , s i n e _ a n g l e ) ;
15 im_noisy = im_sine+( u i n t 8 (256∗ n o i s e _ s t d ∗ randn ( im_size ) ) ) ;
16 f i g u r e
17 imshow ( im_noisy )

193


