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Glossary

• HDR: High Dynamic Range 
• ADU: Analog Digital Unit 
• HG: High Gain 
• LG: Low Gain 
• ADC: Analog to Digital Converter  

• NUC: Non Uniformity Correction 
• IWR: Integrate While Read 
• ITR: Integrate Then Read 
• FPS: Frames Per Second 
• CDS: Correlated Double sample

HOW TO ?  

Use the HDR mode 
C-RED 2, C-RED 2 Lite and C-RED 3  
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1. Introduction  ...............................................................................  

The purpose of this technical note is to explain the operation of the HDR mode on a C-RED 2 / C-RED 2 
Lite / C-RED 3 camera. Main blocs of HDR will be explained, the mode will be described step by step.  

The last part exposes the limitations/restrictions. 

2. Theory of operation  ...................................................................  

 

2.1. Sensor 

C-RED 2 , C-RED 2 Lite and C-RED 3 use the Lynred SNAKE sensor to acquire frames. In the sensor, 
different integration capacitors are available. The camera uses successively images from two capacitors: 

 High Gain capacitor which can store 43Ke- with a noise around 30e- 
 Low Gain capacitor which can store 1.44Me- 

 

There are many advantages to combine images from two different capacitors in the same frame: 

 For low light illuminated areas, the camera uses pixels from HG capacitor with lowest noise. 
 For high illuminated zones, the camera uses pixels from LG frame with the highest storage 

capacity. 
 

The switching of the capacitor used in the sensor is automatically done by the firmware. 

The capacity of the low gain capacitor compared to the 30e- readout noise of high gain capacitor allows a 
93.6 dB dynamic in the same frame. 

  



 

 

 

2.2. Analog to Digital Conversion 

 

Pixels are digitalized in 14 bits unsigned format. For each capacitor, the pixel value in ADU is a function of 
level illumination in photons. The dynamic range in ADU is the same for Low and High Gain capacitors. 
Dynamic useful ranges in photons are not the same for the HG and LG capacitors. 

 

 Raw light integration evolution for the 2 capacities. 

Because of the sensor architecture, the light integration is linear. Below saturation level, it is almost a 
straight line. 

  



 

 

 

2.3. Non-uniformity corrections 

 

Three different corrections can be made directly by the camera. The camera applies automatically the 
good correction depending on the frame sent by the sensor: HG or LG. 

2.3.1. Bad Pixel correction 

 

When applied, bad pixels are replaced. This correction can be applied or not by the user. 

  



 

 

 

2.3.2. Bias correction 

 

The bias correction subtracts the dark frame from the image sent by the sensor. For HDR mode, it is 
mandatory to compute a bias correction for each capacitor.  

This operation can be done automatically by the camera. After bias correction, images from each capacitor 
have the same ADU reference which is around 0 ADU in no light conditions. 

 

 Light integration evolution after bias correction. 

  



 

 

 

2.3.3. Flat correction 

 

Flat correction fixes the non-uniformity response of the pixels. When applying this correction, all the pixels 
have the same response for the same illumination. 

For HDR mode, this correction improves the HDR image at the output of the camera. This correction is 
however optional. 

 

 Light integration evolution after bias and flat correction. 

  



 

 

 

2.4. HDR Processing 

 

After NUCs correction, the pixels are sent to the HDR Processing bloc. the HDR processing bloc maps the 
adapts the dynamic of the LG capacitor on HG capacitor. For a range of level illumination, HG and LG 
capacitors give the same response. There is a covering between the two capacitors. 

 

 Light integration evolution after bias, flat, LG gain and LG offset correction. 

 

  



 

 

 

2.5. Output dynamic 

 

Two output pixels options are available in the camera: 

 HDR mode: 16 bits signed pixel format 
 HDR mode extended: 16 bits unsigned pixel format 

 
The “HDR mode extended” allows to have the maximum dynamic range of 93.6dB. This dynamic is reduced 
for “HDR mode” at 87.6dB. Compared to “HDR extended mode”, the pixel value is right shifted, the least 
significant bit is lost. 

Note: Before this bloc, pixels use full precision (24 bits in the FPGA) 

3. HDR system gain ........................................................................  

The HDR system gain is different from the CDS system gain. The table 1 gives the multiplier factor to use 
to find the HDR system gain depending on: 

 Pixels format: 16 bits signed / unsigned (HDR mode / HDR mode extended) 
 Sensor mode: ITR or IWR 

 

Table 1 : HDR system gain multiplier factor 

Multiplier factor HDR mode HDR extended mode 

ITR 16384
815�  16384

1630�  

IWR 16384
1084�  16384

2168�  

 

  



 

 

 

Example:  

The CDS system gain of your camera is 2.3 e-/ADU.  

Table 2: HDR system gain with CDS system gain equal to 2.3 e-/ADU 

HDR system gain HDR mode HDR extended mode 

ITR 46.24 e-/ADU 23.12 e-/ADU 

IWR 34.76 e-/ADU 17.38 e-/ADU 

 

4. Restrictions / Limitations  ..........................................................  

4.1. Integration While Read mode 

To run the camera at full speed (400 or 600 FPS with C-RED 2 if you own the license, or 600 FPS with C-
RED 3) the sensor IWR mode must be used.  

In this mode, the integration of the frame N+1 begins while the sensor outputs the frame N. 

4.1.1. Non linearity of Low Gain capacitor response 

Unfortunately, in this mode, a small spatial non uniformity is present on the low gain capacity. This spatial 
non uniformity depends on illumination level and is mainly present in the transition area between high and 
low gain.  

This phenomenon can be seen easily in front of a flat field. 

However, because this effect occurs mainly in the transition area where a mix of the two images is used, 
with normal image (not a flat field), this effect is not very visible. 

 



 

 

 

The form of the distortion is a wave that appears first at the bottom of a LG capacitor frame for low 
illuminations levels and that moves up when the light illumination is augmented. For light level 
illuminations more important, the deformation is not visible. 

Note 1: It is difficult on real conditions to see this deformation. 

 

Note 2: This phenomenon does not exist in ITR mode. 

4.2. High motion scene 

To build an HDR image, one low gain and one high gain images are used. Each image is used two times, 
this is why the max framerate is still 400 or 600 fps (with 600.fps license).  

However, the true speed rate for HG and LG frames is divided by two, 200 FPS or 300 FPS (with 600 fps 
license). Also, the HDR frame mixer uses only the HG pixel values to determine the value of the output 
pixels. 

For these reasons, a quick motion in the scene can cause slight ghost areas to appear at transition zones 
between LG and HG pixels. 

However, the averaging of the pixels in the transition zone between LG and HG slightly blurs this area and 
attenuates this ghost effect. 

 

 

 

 

 

ABOUT FIRST LIGHT IMAGING:  When astronomers and engineers design a new scientific instrument, there is 
a very special moment. It happens the first time the instrument is set on the telescope, looking at the sky. When 
light coming from the universe trickles down the system and ultimately falls on the detector. From this moment 
on, observations can begin, theories can be tested, science can be made. 

We call this moment the First Light. 

At First Light Imaging, we make the invisible visible. Since 2011, we design and manufacture cutting-edge 
scientific cameras that combine exceptional sensitivity and very high frame rates in both the visible and infrared 
(SWIR) spectra, based on state-of-the-art sensors (EMCCD, CMOS, e-APD, and InGaAs). Coming from French 
academic research laboratories, multiple award-winning, First Light Imaging focuses on providing customers 
in astronomy, research, biology, and high-end industry with the utmost performance capabilities.  

 

www.first-light-imaging.com 

http://www.first-light-imaging.com/
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