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NUC Procedure

Preliminary notes:
This operating mode uses the CIRRUS software supplied with your camera. This software may have

evolved since this version of the documentation was published, especially in terms of its appearance.
It is your responsibility to adapt your reading to match your version of the software.

1. Specific Terminology

NUC: Non Uniformity Correction

IR: Infrared

Black Body: A temperature reference used here as an extended and homogenous source
BPR: Bad Pixel Replacement

Flash memory: Non volatile memory built into the camera used to store the operating parameters.
These parameters are automatically loaded on power up.

2. Why is Correction Required?

The first infrared cameras that appeared on the market were fitted with a single detector. A scanner, a
mirror equipped mechanism, was used to scan the surface to be measured. The entire image provided
by this single detector was implicitly coherent.

Your camera, on the contrary, is equipped with a matrix made up of a multitude of detectors® and not
fitted with a scanner. This technology makes possible extremely high image capture rates and ensures
higher reliability (with no mechanical elements in motion and detectors that are independent of each
other). This does however come at the cost of disparate detector characteristics, something that
affects the image quality.

JADE 320

240

Non Uniformity Correction is provided to compensate for these disparities. NUC is therefore essential
to provide a coherent image.

! Examples: JADE: a 320 x 240 (76,800 pixel) matrix - EMERALD: a 640 x 512 (327,680 pixel) matrix.
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3. What is NUC?

Every detector (with coordinates ij) has its own gain (a;) and offset (B8;) parameters.

Detector response A
(in Volts)
Yii = 0 Xij + B
= Flow
> (W/m?)

Correction comprises bringing the curve for each detector into line with the average curve for the
entire matrix.

We therefore seek to obtain: X :Yij = aij Xij + ,Bij

Where: X isthe average of detector responses
(The response from each detector after correction equals the average of all of the detector responses).

Note:
NUC quality (curve superposition) is directly dependent on the resources applied.

NUC corrects image resolution, it does not affect your measurements.

4. Influences on NUC

NUC is dependent on two influences:
—  The Integration Time, IT, and
—  The Optical Path

The Integration Time is the time during which the detector remains open and collects the data flow
(this time can be compared with the shutter opening time for a conventional camera).

The Optical Path is formed by the lens and any other component like a window, a filter, etc.

The NUC will also introduce, for each Detector, a and 3 coefficients to produce a coherent image,
taking the influences into account.
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5. Correction Mode

5.1. "Two Point" Correction - Black Body Method

To create NUC, two reference points are needed. These references are taken at around 30% and 70%
of the dynamic range.

70% (= 10,000)

30% (= 6,000)

v

T1: low reference T2: high
reference

The reference used is ideally a black body with extensive surface area. The latter will be placed a few
centimeters from the lens (in an unfocused area).

5.2. "Single Point" Correction
A single temperature reference is needed to update the NUC.

5.3. "Two Point" Correction - Time Integration Method

In cases where two temperature references are not available (e.g. where you have extended black
bodies at a maximum of 600C, to perform an NUC ranging up to 1,500C), the Time Integration
method may provide an acceptable alternative. This comprises using the same temperature reference
for two different Integration Times. This manipulation moves the detector's response curve opposite
the reference, artificially positioning the reference points.

Warning

This method is an extrapolation method. NUC quality can be affected by this, especially in
the extreme parts of the response curve. This approach should only be used when no
solution is possible using the black body method.

6. When to Create a New NUC ("Two Point" Correction)?

A new NUC will need to be created every time one of the following values changes:
- Integration Time

—  Optical path

DPO001U-F NUC Procedure.doc 5/21



SFLIR

7. When to Update the NUC ("Single Point" Correction)?

NUC Procedure

To break free of any drift that may occur due to the camera’s environment, we recommend updating
NUC every time the camera is set into service.

This is because the detector is subject to what is called the "Narcissus effect". A camera lens can
never achieve 100% transmission. A small proportion of the radiation will always be reflected towards
the detector. As the latter is perfectly aligned along the optical axis, it receives its own image
superimposed on the object located in the field of view.

The radiation rate is directly linked to the difference in temperature between the detector (temperature
regulated at 77K) and the lens (at ambient temperature). The result is a non negligible change in the
response of detectors hit by reflected radiation. Every change in ambient temperature therefore
requires readjusting NUC.

The impact is all the more important as the wavelength rises.

“Two point" "Single point"
Influence value : g
correction correction
Integration Time X
Filter X
External window X
Lens X
Power up X
Frequency No influence
Windowing X

8. Operating Mode

8.1. Creating a"Two Point" NUC - Black Body Method

Before starting any NUC creation or modification procedure, you will need to:
- define your measurement dynamic range (or your Integration Time),
— identify the optical filtering,

- define your two reference temperatures.

Method used for defining your reference temperatures

Your Integration Time is assigned the maximum temperature that you can observe. At
this value level, your camera will send back a digital value close to 15,000.

We recommend that you set your lower and upper reference points to the 6,000 and
10,000 value marks, or around 30% and 70% of the camera's dynamic output range.

Tip
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To illustrate the choice of reference points: You are looking to detect human presence in
a room. Your measurement dynamic range is framed by ambient temperature and the
temperature of the human body.

NUC Procedure

- Your lower reference point may be taken from an object present in the room for a
“certain” length of time and that is not affected by an ancillary heat source.

- Your upper reference point can be taken from your hand.

If you are not equipped with black bodies, you will need to call on your imagination to find
sources suited to the level required. For example:

—  Aclear sky (low temperature). Unfocus the lens.
- A pad of paper.
—  The black side of a mouse pad.
Avoid objects with low emissions levels (e.g. shiny metal objects).

Do not use the lens cover.

Specificities of a "Two point" NUC for a SWIR camera

A SWIR camera operates in a temperature range where it is difficult to find extensive
black bodies. We suggest that you proceed as follows:

-  For the lower reference: completely close the iris (or cover the lens),

—  For the upper reference: place a sheet of white paper in front of the lens, inclined
at 45°towards a natural light source so as to refl ect back the (sun's) radiated

light.
Source de
lumiére

Feuille de Caméra
papier blanc
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To determine the digital level returned by the camera

Start the CIRRUS software. From the main screen, click on "y ¢" (1).

=101 %]

NUG 1:100Hz-1300ps-Open v aff === § G To UL

F& [Hz) 100 > [ ffax g; Igl @ % . F:E
1 B E

@ [ 250001 [ S:75K [1576K- [ COR [16.0MHz[320°240 | Geminixd @

The next window opens to show, for a given integration time and filter, the mean value

returned by the camera.

Min. | 7756
Max. | BF33
Mean| 8196
Std. [ 1341

The main screen presents the NUC currently applied to the camera (2).

@—»uum:mqu-mnuus-upen v af - § ® 3o UL

Notes:

P i

Morel
1. 100 Hz - 1300 pz - Open

| W B
L HEE

@ [ 250001 [ S:75K [1576K- [ COR [16.0MHz[320°240 | Geminixd @

F&@ [Hz)

(Here is the NUC for table 1, at 100 Hz, 1300 us, no filter)

Depending on your camera, three to six different NUC values can be stored
"None!" indicates that no correction is applied.

"Open" indicates that there is no filter.
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Follow the steps described below with care:
Step 1- Select the NUC to replace using the popup list (2).

i

NUG 1:100Hz-1300ps-Open v @ soe b 38 3o JUL

A 10 v e M (W] RSN

R L
|

@ | 250001 | S:78K |157.6K- | CCIR [16.0MHz| 320°240 | Geminixd @
&)

Step 2- Specify your frequency (3). This parameter does not affect the main work
area, but must still be noted.

Note

When using an external camera synchronization, you will need to enter a frequency that
is close to the external synchronization frequency. To do this, click on the "Ext" button
(16) so as to enter the value. Click on "Ext" once again to continue the procedure.

Step 3- Specify your Integration Time (4) and confirm it using "Enter" on the keyboard.
Step 4- If you use a filter, specify it from "Filter Wheel" window.
Filter Wheel

pen:l:lpen =] J Hemwel

2 HP 470 0353

™| Uke Internal Feltier Black-Eady during Hue & Epr

Step 5- Click on "ap" - "Update NUC BPR" (5).

_ {0 x|
NUG 1:100Hz-1300ps-Open v |af|-== §b G Zo UL

- 2 M, r. &
el 100 BUEANS. - Update NUC_BPR] =" P

T sy 1300 Advanced| LT | L

@ [ 250001 [ S:75K [1576K- [ COR [16.0MHz[320°240 | Geminixd @

DPO001U-F NUC Procedure.doc 9/21



SFLIR

NUC Procedure

Then the window presented on the next page will open:

MUIC & BPR Calculation x|

@T’—F Mar Uniformity Comection | oK I
Type
(5/7 % 2 pointz [Gain & Offset will be updated) Cancel |

£~ 1 point [Only offzet will be updated)

Backup

O

2 ¥ | Feep Previous Gain

°§’ ~ Methad

5 " Integration time method

% < £ +/- 5 % of Integration time

No)

- G T i [T
S + Black body method [Meeds 2 temperature sources)
=0

z &werage Frames |10 —

s

N

[~ Save the Nuc table in Flazh Memary [~10 = time consuming|

Save Current HLIC | Save Statuz; &8 Saved

— Bad Pixel Replacement

= Feset the current lizst [01d gisels will be remaved]
€% [pdate the curment lizt [O1d pizels wil be kept]

— kethod
¥ Fesponsivin [Beyond Gain = 1.0] +- |25 _|j b=
¥ Oftset [Bevond Mearn Level] +- |30 _|j #

¥ | tiizy [Bbove kean + Casf, & StdDew.]

|5':I _I? Sccumulated Frames Coef, |3-|:| _Ij

—  Tick the "Non Uniformity Correction" box (6)
—  Choose the "2 points" type (7)
—  Choose the "Black body method" (8)

— Choose the number of images for each point (9). The result retained for each
point is the average of the measurements made on these images.

Note:

Setting ten as the number is a good compromise between reducing noise and the time
required to product the measurement.

— Do not tick the "Save the Nuc table in Flash Memory" box. It is preferable to await
complete confirmation of the new NUC before saving it.

— Do not tick the "Bad Pixel Replacement" box.

-  Click on "OK".

This window prompts you to place your low temperature reference (the black body) in front of the lens.

DPO001U-F NUC Procedure.doc 10/21



SFLIR

x|

@ Please expose the black body in fronk of the lens at the lowest temperature,

Click Ok to proceed.
Annuler |

Place your low temperature reference in the measurement position (close to the lens, in an unfocused
area), then click on "OK".

NUC Procedure

At the end of the measurement process, a new window prompts you to place your temperature
reference source (black body) in front of the lens.

x|

@ Please expose the black body in fronk of the lens at the highest kemper ature,

Click. on Ok ko proceed.
Annuler |

Place your high temperature reference in the measurement position (close to the lens, in an unfocused
area) then click on "OK".

At the end of the measurement process, the main CIRRUS screen reappears. You will see that the
NUC name has been updated in line with the parameters chosen at the start of the process.

Tip
If you use an object that is not a black body as the reference, then place it a few
centimeters from the lens (in an unfocused area) but without touching the lens and

making sure to apply it at an angle. This ensures that you will avoid detector reflection
onto your reference (Narcissus effect).

Objet Caméra
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8.2. Updating a "Single Point" NUC

Step 1- Select the NUC to update.
Step 2- Click on "ap" - "Update NUC BPR" (5).
Step 3- From the NUC window:

—  Tick the NUC box (6).
—  Tick the "1 point" line (10).

— Leave the "Keep Previous Gain" box ticked (the correction only applies to the
offset parameter 3) (11).

—  Choose the "Black body method" (8).
—  Choose the number of images for each point (9).
— Do not tick the "Save the Nuc table in Flash Memory" box.

NUC & BPR Calculation |

v Man Uniformity Comrection |

— Tupe
i~ 2 points [Gain & Offzet wil be updated) Cancel |

ac 1 paoint [Only offzet will be updated§
11 » [V Keep Previous Gain
— kethod

£ Integration time method

€+ 5 % of Integration timne

= |71 I'“:”:“:I TE: I 2|15':":| 1

P % Black body method [Meeds 2 temperature sources]

Average Frames I'“:I _I? 4—@

Backup

900"

[T Save the Muc table in Flash Memary [~10 2 time consuming)

Save Current HUC | Save Statuz: & Mot zaved

—1 Bad Pixel Replacement

= Reset the cument lizt [01d pizelz will ke removed]
% |lpdate the current lisk [01d pizels will be kept]

— kethod
¥ Eesponsivity [Bevond Gain = 1.0] +/- |25 _I? 4
¥ | Dftset [Bevond Mean Lewel] +- |30 _I? X

¥ | Moz [Bbove Mean + Coef, * Std-Dew.]

IE':I _I? Sccumulated Frames Coef. |3-|:| _I?

—  Click on "OK".
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When prompted, place your reference source in front of the lens and click on "OK".

| crus x|

Please expose the black body in front of the lens,
Click on Ok ko proceed.

annuler |

Note
This reference must simply be within a range. Wherever possible use a reference that is
close to the target value of the actual measurement to be taken.

8.3. Creating a"Two Point" NUC - Time Integration Method

Before creating or changing a NUC, you will need to:
— define your Integration Time,
- identify the optical filtering,

- define your two Integration Times according to the temperature reference
available.

Method used for defining your reference Integration Times

We recommend that you set your low and high ITs to the 6,000 and 10,000 digital value
marks, or around 30% and 70% of the camera's dynamic output range.

To determine the digital level returned by the camera

Start the CIRRUS software. From the main screen, click on "y ¢" (1).

& Cirrus =101 %]
NUC 1:100Hz-1300ps-Open v  off =« b 38 S TUL i)

Fathz) 100 v gy @ AR L

IT(us) 1300 LT ‘ @

@ [ 250000 | S:75K [1576K- [ CCOR [16.0MHz|320°240 | Gemirixd @
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The next window opens to show, for a given integration time and filter, the mean value

returned by the camera.

Min. | 7756
Max. | BF33
Mean| 8196
Std. [ 1341

The main screen presents the NUC currently applied to the camera (2).

[Borus =101 |

@—>Nuc 1:100Hz-1300ps - Open |+ o ==+ i & So ML
None! -

O (He) e @ {gﬁ r?tl o

It 8 @

2:180Hz - 250 pz - Open
ﬂ| 25000 | 5. 7Rk |15?.EK- | CCIR |1E.EI MH2|32EI°‘24EI| Geminixd &

ITl=) 3:80Hz- 85 psz - Open

(here is the NUC for table 1, at 100 Hz, 1300 us, no filter)

Select the NUC to replace using the popup list (2).

(). PETE— —iEi

NUG 1:100Hz-1300ps-Open v @ see §i 38 5o UL

@—ka[Hz] 100 | | Max g; @ §§I % ot F:E
Coy—rmm ™ o 1t B

@ [ 250000 | S:75K [1576K- [ CCOR [16.0MHz|320°240 | Gemirixd @

Specify your frequency (3). This parameter does not affect the main work area, but must still be noted.

Specify your Integration Time (4) and confirm it by pressing "Enter" on the keyboard.

If you use a filter, specify which one from the "Filter Wheel" window.

IEIpen : Open j J Fiemu:wel
T

T- M, 398402 050%

2:HP_4.70 085%
™| Use Intemnal Peltier Black-Body during Hue & Epr
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Click on "ap" - "Update NUC BPR" (5).

o ]
NUG 1:100Hz-1300ps-Open  +  |af|re § & So UL
Fate) 100 v [ e

L | k
+
EXT Update MUC BRR| - < F‘i

T (us) 1300 [Advanced] 17 &

@ [ 250001 | 575K [157.6K- [ COR [16.0MHz|320°240 | Gemirixd @
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Then the window presented on the next page will open:
—  Tick the "Non Uniformity Correction" box (6)
—  Choose the "2 points" type (7)
—  Choose the "Integration time method" (17)

— Choose the IT option (18) and enter the two integration times that will be used for
the measurement.

— Choose the number of images that the measurement average will apply to (20).

HUC & BPR Calculation

v Mon Unifarrnity Corection

X
Tope
==

* 2 points [Gain & Offzet wil be updated) Cancel
" 1 point [Only offzet will be updated)
I
M ethod
\

* ntegration time rmethod
> " +/5% of Integration time

18 » |1 |1':|':":| hE IT 21500 TE

" Black body method [Needs 2 temperature sources)

P99 of

Average Frames |10 -3

?

Backup
[ Save the Muc table in Flazh Memony [~10 2 time consuming)

Save Curent MLIC | Save Statuz : & Saved

[ Bad Pizel Replacement
~
-
Method
[+

v

=

ol bt
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Note:

The figure 10 is a good compromise between noise reduction and the time required to
perform the measurement.

— Do not tick the "Save the Nuc table in Flash Memory" box. It is preferable to await
complete confirmation of the new NUC before saving it.

— Do not tick the "Bad Pixel Replacement" box.
- Click on "OK".

When the window shown below appears, ensure that your camera is aimed at the temperature
reference and click on "OK".

x

@ Please cover the lens in order ko proceed with the Muc operation by inteqgration time method,

Click Ok when wou are ready,
Annuler |

At the end of the measurement process, the main CIRRUS screen reappears. You will see that the
NUC name has been updated in line with the parameters chosen at the start of the process.

8.4. Saving a NUC

8.4.1. Saving to Flash Memory

There are two possible methods for saving a new NUC:

When creating or changing the NUC, tick the "Save the Nuc table in Flash Memory" box. The new
NUC will then be saved automatically at the end of the process.

After confirming the new NUC or the changed NUC. From the NUC screen, click on the "Save
current NUC" button.

WARNING!

In both cases the table selected at the start of the process will be permanently erased.
Tip

It is preferable to save the NUC after final confirmation.
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8.4.2.  Saving an NUC from the Camera to the PC

From the CIRRUS main screen, select the table to be saved (2), then click on the NUC_BPR
Preferences button (12).

=101 =]

@—»nuc 1:100Hz -1300ps-Open v aff [=a| b & To ML
M, rm.a

F@ [Hz) 100 * [ pas ﬂh IEI.

EXT

IT (=) 1300 nnn | Advanceg 1|.1'-

@ [ 250001 | S:75K [1576K- [ CCIR [16.0MHz[320°240 | Geminixd (@

x
Table Label
] |

M“I "I Label ; I
Cancel

I™ | Frovide random MIUE tables fon full frame [+2 tables]

¥ Synchronize Freq. / Integ. # Muli-Focal Lens / Filker on MUC table
™| Do not update fiame rate and authanze mas speed

[ “wWaming if MUC table updated and not zaved

[T | Auto Update Dffset with | ntermal Shutter every Im secotds

(=i
— Muc Canfig File
I et
—EFR File [.FPl=]
I .. [Get  Put

—MULC File [.COE] A//@
@7'}'&"&130']”0;!6&!306 .. [Get Put

@

The following screen appears:

Note:

The "Synchronize Freq. / Integ. / Multi-Focal Lens / Filter on NUC table" box is ticked by
default. This option ensures, when selecting an NUC that influential settings suited to this
NUC are set (Integration Time, frequency, filter).

In the "NUC File" box, enter an access path and a save file name (with a .coe extension) as
referenced in the Appendix (13), then click on "Get" (14) to transfer the NUC from the camera to the
PC.

A progress bar shows the transfer status.
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C:%1300ITopen.coe
|BI|:u:k 45 Size: 21/300 KB

[

Notes

The original NUC files are supplied by FLIR SYSTEMS on the CD that comes with your
camera.

Remember to make a note of the influence values used in the saved NUC. The best way
to do this is to choose a filename that explicitly records these values.
For example: f100_IT1300_open.coe where:

- f100: Frequency: 100 Hz
— 1T1300: Integration Time: 1300 us

— open: No filter
8.5. Restoring an NUC Saved in a PC or on CD to the Camera

From the CIRRUS main screen:
—  Select the table containing the NUC to be replaced (2)
—  Confirm the integration time (select IT field and press Enter) (4)
—  Confirm the frequency (select Frequency field and press Enter) (3)
—  When necessary, choose the filter (from the "Filter Wheel" window)

—  Click on the "NUC BPR preferences" button (12)

From the "NUC BPR preferences" window:

- Enter the file access path (13)

Enregistrer. sous

Enreagistrer dans : | ) Mes documents v/ 3 F e 0
Y [ Albair |ZhMes fichiers recus | TeskSilver _suite
| ‘3 | AlcairLT IEMES images i Tools
Mes documents | L2 AlkairPlugin 8 1es vidéos E=yv15063s
récents iﬁBnLDOR |Z)My PSPE Filas ijj'v'lSDTSD
— () Calibe |ZiMy PSP Files () version Yeam au 240820
T
[ |5 Calibration |3 0pen - Withaut Filker [y virtualCampll
B [5) Camera Files C)opentt ) Wisual Studio Projects
() Camera kest Iiplop I1Wise Setups
| COCEDIP |[ZhRenault @ first one.coe
..’/' |5 Cedip Cires @ Jade.cos
[ I C inkDri ilver.
P g~ .:"]Cyberllnk .jSalenk[l)rlver ﬁ Sflver coe
| I ZJLabYIEW Data |[CaSATIRClient E SilverSMCF_1.coe
= " [Ehlive image |CASATIRLIve m SilverSMCF_1_ O.coe
n.JT ! [T LogicielsDothet |hsiren a SilverSMCF_ 1 1.coe
27 i Ma musique [ZshcF
Foste de travail
| >
— =
‘.-‘] Mom du fichier : | V] [ Enreqistrer ]
e e }
Favoris iézeau | Type: | MUC File [*.coe) » ! ’ Annuler ]
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—  Select extension .coe for a classic NUC and .cnuc for a compensated one.

Enregistrer sous

Erreaistrer dans : | (5 Mes documents v| e i A
1220 Alkair |ZhMes Fichiers regus [C3 TestSilver _suite
i "a 1) AlkairL T IﬂMes images [CToals
Mes documents | [ AltairPlugin P bes vidéas [)v150635
récents [CZ)BALDOR [iMy PSPS Files [v150T30
= (C5) CalibP [y PSP Files [Chwersion Yeam au 240820
[ () Calibration |=)0pen - Without Filker [ virtualCamDll
Burea [CZ)Camera Files [C)0pen It [Cvisual Studio Projects
() Camera best Caplop [C)Wise Setups
(C3) COCEDIP CRenault E . CrLiC
oy [ edip Cires | Silver _1.cnuc
Ced =] SilwerSMCF_1
W ifjc'y'berlink ![_:"lSapLink[.Jriver
[T)LabVIEW Data 3sATIRClient
- (5 live image ) SATIRLive
i‘! ) LogicielsDothet |Chsiven
: | ma musique [ChsmcF
Pozte de travail
& 2
.;9 Mom du fichier : gSilver. cnuc w | [ Enregistrer ]
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—  Click on "Put" (15)

A progress bar shows transfer status.

Uploading Nuc...

|E!Iu:u:k : 73810 Size: 35/300 KB

[

When uploading is finished, close the window.

Then you will need to update your NUC using "1 point" correction to take the new parameters into
account.

At the end of the process, the table name is automatically updated. The NUC is then saved to the

current table. If you wish to apply it, don't forget to save it to the camera's Flash memory (refer to the
section on "Saving to Flash Memory").
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Appendix
NUC (*.coe) file structure
1° Dernier 1% Dernier
Pixel Pixel Pixel Pixel

En-téte l— ---------

A
v

NUC Procedure

Matrice de Gain Matrice d'offset

Header format

Data Designation L

type and size Description Offset (byte)
char Signature[5] "COE" character string 0
char Version[5] Version number 5
char EndOfFile Reserved for PTR 10
char Reserve[241] Reserved 11
int NombreColonne Number of pixels per line 252
int NombreLigne Number of lines per image 254
long Size Number of pixels in the table 256
float Alpha[Size] Gain matrix (Nbr. of pixels) 260
float Beta[Size] Offset matrix (Nbr. of pixels) 260+4*Size
Warning

For compatibility reasons with previous file formats, when the NombreColonne and

NombreLigne fields are at 0, their value must be interpreted as 128.
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