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 The Dynamic Range (DR) of a sensor is the ratio between the 
largest and the weakest signal levels that can be measured. 

DR (dB)= 20log10
𝐿𝑖𝑔ℎ𝑡𝑚𝑎𝑥

𝐿𝑖𝑔ℎ𝑡𝑚𝑖𝑛
 

 Lightmin is determined by the noise floor  can be diminished by 
means of process technology, lowering temperature, etc. 

 Lightmax is determined by the point of saturation  can be extended 
by means of system or in-pixel processing/conditioning circuitry. 
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 Real word is high dynamic range  it exhibits a large range 

of average illuminations Dynamic Range (HDR): 

 Inter-frame: high difference in illuminations between 

frames  typical auto-exposure mechanisms. 

 Intra-frame: high difference in illuminations between 

pixels  more complex mechanisms. 

 Typical cameras are limited in intra-frame dynamic range 

(50-70dB). 

 Some applications need cameras that are prepared to 

capture images in HDR scene environments in order to work 

properly, such as security, automotive, surveillance, 

astronomy, inspection, etc. 
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Condition Illuminance(lux) 

Clear night sky 0.001 

Quarter moon 0.01 

Full moon 0.1 

Late twilight 1 

Twilight 10 

Heavy overcast 100 

Overcast sky 1,000 

Full daylight 10,000 

Direct sunlight 100,000 

Security Automotive Surveillance Astronomy Inspection 

Clear Night Sky Full Moon Twilight Overcast  Sky Direct  Sunlight 



 Outside Image Sensor: They usually solve the problem using a large 
amount of digital computation resources and bandwidth to move the data 
of several multiple exposure frames. Examples: 

 iPhone 4-5: three shots combination using Image Signal Processor 
(ISP) can take 1-2 second per frame (too slow for HDR video). 

 Nvidia Tegra 4 processor (2013): New ChimeraTM computational 
photography architecture fuses together the processing power of the 
CPU, GPU, and ISP to enhance mobile imaging. This enables HDR 
photos and video in smartphones.  0.2 seconds per frame.  

 Inside Image Sensor: There are usually industrial systems which apply 
some kind of logarithmic compression, however obtaining high noise 
and/or low contrast in certain scenes. Examples: 

 Photonfocus Linlog: which uses a linear response at low illumination 
levels and logarithmic compression at high intensities. 
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Nvidia Tegra 4 

iPhone4 

LinLog 



 The goal is to produce a Low Dynamic Range (LDR) representation of HDR scenes 
while preserving the details. 

 These techniques are mainly based in applying operators to a compound HDR image. 

 Due to the typical high computational efforts required for the task, it is not usually 
performed in focal plane  these field of research classically belongs to computer 
graphics. 
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New scene-dependent hardware-aimed 
global tone mapping algorithm: 

Scene-dependent: it considers the 
histogram of a previously non-linear 
captured image as probability indicator of 
illuminations in the current frame. 

Hardware-aimed: it takes advantage of 
focal plane processing  Parallelism. Very 
reduced computation resources are 
required outside the array. 

It is not only suitable for still images, as 
typical in this kind of methods, but works also 
on video sequences. 
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 The global analog reference Vref is 
fixed during most of the exposition 
time and ramps up at the end to 
allow poorly illuminated pixels to 
intersect. 

 The evolution of digital references 
depends on the distribution of 
illuminations in the HDR scene. 

 It modifies the compression 
controlling the rate of change of 
digital codes. 

 Two digital codes are stored in the 
pixel at Tcross: 

 Time Stamp Code (TSC): it gives 

information about the time of 

crossing. It divides the integration 

time non-linearly in 16 temporal 

windows (4-bits TSC) or bins. It is 

subsampled, as it is only used to 

obtain a probability. 

 Tone Mapping Code (TMC): it is 

the digital tone mapping 

compression that results in the final 

image representation  Its 

temporal evolution is calculated 

from the histogram of TSC data. 
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15 Bins (4-bits TSC) 1 Bin 

tuned by user  fixed by 
ramp 



 Time Voltage Histogram Camera (TVHC) is a QCIF (176x144) 

resolution imager, which implements the new tone mapping 

algorithm for Dynamic Range (DR) enhancement. 

 The differences between the algorithm simulation environment and 

an on-chip implementation will force some adaptations. 

 Advantages: fully parallel Single Instruction Multiple Data 

(SIMD) architecture of focal plane processing  fast comparison 

with Vref. 

 Disadvantages: pixel computation is constrained by limited 

accuracy, memory, power consumption, area and speed. Front 

Side Illumination (FSI) technology needs metals aperture. 

 Conceived as a complete Vision-System-on-Chip (VSoC), but as 

proof of concept prototype for versatility and reliability  histogram 

and levels per bin calculation are implemented externally. 
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 Two different pixels have been designed: 

 Basic Pixels (BP): acquire the Tone Mapped Image (TMI)  TMC<6:0>. 

 Time Stamp Pixels (TSP): acquire Tone Mapped Image (TMI) and Time Stamp Image (TSI) 

 TMC<6:0> and TSC<3:0>. 

 Architecture: 

 3x3 μm2 Nwell/Psubstrate photodiode  

 The photodiode is connected to the analog comparator via a buffer in order to isolate the 

comparator’s kickback noise (changes in Vref). 

 The reset of the photodiode by the feedback loop established by the buffer, the comparator 

and the reset switch P1  In-Pixel FPN reduction.  
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 Pixels of 33x33 µm2 arranged in 2x2 group = 3 BP + 1 TSP  ¼ subsampling 
TSI generation. 

 The layout of the four pixels are virtually the same, however the control over the 
4 central SRAM cells belong to the pixel in the up left position. 

 The pixels neighbours in the group are flip left to right and up to bottom to 
improves attainable pitch. 
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Pixels Group Organization Pixels Group Layout 
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Technology AMS 0.35µm 4M/2P 
OPTO Technology 

Array of Pixels 180(H)x148(V) 
(QCIF+ 4 dummies) 

Pixels Size 33x33µm2 

Pixel Size Photodiode  3x3µm2 NW-Psub 

Pixels Metal Opening  9.75x7.3µm2 

Fill Factor  0.8% (Photodiode)  
6.5% (Metal Opening) 

Image Coding  7-bits gray code 

Fastest Image Download  666µs 

Maximum Frame Rate  1205.4fps 

Maximum Power 
Consumption 

111.2mW @1205fps 

Power supply 3.3V 

Exposition time range  2.34µs to 8s 

Sensitivity 5.79 V/lux-s 

Dark Discharge  10.8 mV/s 

Full Well Capacity  12.2ke- 

Conversion Factor  129(e-/DN) 

PRNU  

(PTC FPN Quality Factor)  

0.018 (1.8%) 

Read Noise  25e- 

Linear DR (7-bit)  42.1dB 

Tone Mapping DR  

(7-bit SNR1)  

151.4dB 

Tone Mapping DR extension  

(7-bit SNR1)  

109.3dB 
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Low populated priority Weighted with minimum threshold Non-linear levels adjustment Weighted with minimum low light priority 

Weighted Bin threshold Avoid concentration in one bin Weighted with bright priority 

Sony Cybershot iPhone 4 Photonfocus Linlog 



Proof of concept prototype  proper pixels 
reference can be used to perform in-pixel 
content-aware tone mapping, a high level 
complex task  not loose HDR scene 
details. 

Maximum Dynamic Range of 151.4 dB  
Dynamic Range enhancement of 109.3 dB 
from equivalent linear approach (7-bits), by 
capturing saturation information in time. 

The chip allows a maximum 1205.4 frame per 
second in trade-off with DR, which allows 
HDR photo and HDR video. 
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