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How to Evaluate Camera Sensitivity
Comparing camera performance using the EMVA1288 imaging performance standard

What’s inside:
• Introduction to imaging performance measurements based on EMVA1288
ï� 'HĆQLWLRQ�RI�WKH�YDULRXV�PHDVXUHPHQWV�DQG�KRZ�WKH\�DUH�EHLQJ�PHDVXUHG
• Comparing low light performance of cameras at different exposure times
• Comparing a traditional CCD with a modern CMOS sensor 
• Conclusion
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Figure 1: From Photons to Grey Scale and concepts in-between
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ŝŶĚƵƐƚƌǇͲĮƌƐƚ�ĐŽŵƉƌĞŚĞŶƐŝǀĞ�ƐƚƵĚǇ�ŽĨ�ŝŵĂŐŝŶŐ�ƉĞƌĨŽƌŵĂŶĐĞ�ŽĨ�ŵŽƌĞ�ƚŚĂŶ�ϳϬ�ĐĂŵĞƌĂ�ŵŽĚĞůƐ͘�^ĞĞ 
ǁǁǁ͘ƉƚŐƌĞǇ͘ĐŽŵͬƐĞŶƐŽƌͲƌĞǀŝĞǁ

Measurement 'HĆQLWLRQ ,QćXHQFHG�E\ Unit

Shot noise Square root of signal Caused by nature of light e-

Pixel size Well, pixel size… Sensor design µm

4XDQWXP�HIĆFLHQF\ Percentage of photons converted to electrons at a particular wavelength Sensor design %

Temporal dark noise (Read noise) Noise in the sensor when there is no signal Sensor and camera design e-

Saturation capacity (Well depth) Amount of charge that a pixel can hold Sensor and camera design e-

Maximum signal to noise ratio
Highest possible ratio of a signal to all noise included in that signal, 
including shot noise and temporal dark noise.

Sensor and camera design dB, bits

Dynamic range Ratio of signal to noise including only temporal dark noise Sensor and camera design dB, bits

Absolute sensitivity threshold Number of photons needed to have signal equal to noise Sensor and camera design ڷ

Gain
Parameter indicating how big a change in electrons is needed to observe a 
change in 16bit ADUs (better known as grey scale)

Sensor and camera design e-/ADU

Table 1 presents a summary of the concepts covered in this article

http://www.ptgrey.com/point-grey/10845


�ŽŵƉĂƌŝŶŐ�ůŽǁ�ůŝŐŚƚ�ƉĞƌĨŽƌŵĂŶĐĞ�ŽĨ�ĐĂŵĞƌĂƐ
&Žƌ�ƚŚĞ�ƉƵƌƉŽƐĞ�ŽĨ�ƚŚŝƐ�ǁŚŝƚĞ�ƉĂƉĞƌ͕ �ǁĞ�ǁŝůů�ĐŽŶƐŝĚĞƌ�ĂƉƉůŝĐĂƟŽŶƐ�ƐƵĐŚ�ĂƐ�ůŝĐĞŶƐĞ�ƉůĂƚĞ�ƌĞĐŽŐŶŝ-
ƟŽŶ�;>WZͿ�Žƌ�ŽƉƟĐĂů�ĐŚĂƌĂĐƚĞƌ�ƌĞĐŽŐŶŝƟŽŶ�;K�ZͿ�ǁŚĞƌĞ�ŵŽŶŽĐŚƌŽŵĞ�ŝŵĂŐŝŶŐ�ŝƐ�ĐŽŵŵŽŶůǇ�ƵƐĞĚ�
ĂŶĚ�ƚŚĞ�ĂŵŽƵŶƚ�ŽĨ�ůŝŐŚƚ�ƚŚĂƚ�ĐĂŵĞƌĂ�ĐĂŶ�ĐŽůůĞĐƚ�ŵĂǇ�ďĞ�ůŝŵŝƚĞĚ�ĚƵĞ�ƚŽ�ƐŚŽƌƚ�ĞǆƉŽƐƵƌĞ�ƟŵĞƐ͘
/ƚ�ŝƐ�ĨĂŝƌůǇ�ƐƚƌĂŝŐŚƚ�ĨŽƌǁĂƌĚ�ƚŽ�ĚĞƚĞƌŵŝŶĞ�ƚŚĞ�ƌĞƐŽůƵƟŽŶ͕�ĨƌĂŵĞ�ƌĂƚĞ�ĂŶĚ�ĮĞůĚ�ŽĨ�ǀŝĞǁ�ƌĞƋƵŝƌĞĚ�ƚŽ�
ƐŽůǀĞ�ĂŶ�ŝŵĂŐŝŶŐ�ƉƌŽďůĞŵ͕�ŚŽǁĞǀĞƌ�ĚĞĐŝĚŝŶŐ�ǁŚĞƚŚĞƌ�ƚŚĞ�ĐĂŵĞƌĂ�ǁŝůů�ŚĂǀĞ�ƐƵĸĐŝĞŶƚ�ŝŵĂŐŝŶŐ�
ƉĞƌĨŽƌŵĂŶĐĞ�ĐĂŶ�ďĞ�ŵŽƌĞ�ĚŝĸĐƵůƚ͘

dŚŝƐ�ĐŚĂůůĞŶŐĞ�ŝƐ�ƚǇƉŝĐĂůůǇ�ƐŽůǀĞĚ�ďǇ�ƚƌŝĂů�ĂŶĚ�ĞƌƌŽƌ͘ �>Ğƚ Ɛ͛�ĐŽŶƐŝĚĞƌ�ĂŶ�ĞǆĂŵƉůĞ�ǁŚĞƌĞ�Ă�ǀŝƐŝŽŶ�
ƐǇƐƚĞŵ�ĚĞƐŝŐŶĞƌ�ĚĞƚĞƌŵŝŶĞƐ�ƚŚĂƚ�Ă�s'��ĐĂŵĞƌĂ�ǁŝƚŚ�Ь͛͛�����ƌƵŶŶŝŶŐ�Ăƚ�ϯϬ�&W^�ŝƐ�ƐƵĸĐŝĞŶƚ�ŝŶ�
ƚŚĞ�ĂƉƉůŝĐĂƟŽŶ͘�dŚĞ�ŝŶŝƟĂů�ƚĞƐƚƐ�ŵĂǇ�ƐŚŽǁ�ƚŚĂƚ�ƚŚĞ�ĐĂŵĞƌĂ�ŚĂƐ�ƐƵĸĐŝĞŶƚ�ƐĞŶƐŝƟǀŝƚǇ�Ăƚ�ĞǆƉŽƐƵƌĞ�
ƟŵĞƐ�ŽĨ�ϭϬ�ŵƐ�ǁŚĞŶ�ƚŚĞ�ŽďũĞĐƚ�ŝƐ�ƐƚĂƟŽŶĂƌǇ͘�^ĞĞ�&ŝŐƵƌĞ�Ϯ�ƐŚŽǁŝŶŐ�Ă�ƐŝŵƉůĞ�ĞǆĂŵƉůĞ�ǁŝƚŚ�ĐŚĂƌ-
ĂĐƚĞƌƐ��͕ϴ͕���ĂŶĚ�Ϭ�ƚŚĂƚ�ĐĂŶ�ďĞ�ĞĂƐŝůǇ�ĐŽŶĨƵƐĞĚ�ďǇ�Ă�ǀŝƐŝŽŶ�ĂůŐŽƌŝƚŚŵ͘�dŚĞ�ƚŽƉ�ůĞŌ�ŝŵĂŐĞ�ƚĂŬĞŶ�
ǁŝƚŚ�Ă�Ь͛͛�����ĐĂŵĞƌĂ�ƉƌŽĚƵĐĞƐ�ŝŵĂŐĞƐ�ƐƵŝƚĂďůĞ�ĨŽƌ�ŝŵĂŐĞ�ƉƌŽĐĞƐƐŝŶŐ͘

,ŽǁĞǀĞƌ͕ �ǁŚĞŶ�ƚŚĞ�ŽďũĞĐƚ�ƐƚĂƌƚƐ�ƚŽ�ŵŽǀĞ͕�ĞǆƉŽƐƵƌĞ�ƟŵĞƐ�ŶĞĞĚ�ƚŽ�ďĞ�ƌĞĚƵĐĞĚ�ĂŶĚ�ƚŚĞ�ĐĂŵĞƌĂ�
ŝƐ�ŶŽƚ�ĂďůĞ�ƚŽ�ƉƌŽǀŝĚĞ�ƵƐĞĨƵů�ŝŶĨŽƌŵĂƟŽŶ�ďĞĐĂƵƐĞ�ƚŚĞ�ůĞƩĞƌ�͞�͟�ĂŶĚ�͞�͟�ĐĂŶŶŽƚ�ďĞ�ĚŝƐƟŶŐƵŝƐŚĞĚ�
ĨƌŽŵ�ŶƵŵďĞƌƐ�͞ϴ͟�ĂŶĚ�͞Ϭ͘͟ �/ŵĂŐĞƐ�ŝŶ�ƚŚĞ�ŵŝĚĚůĞ�ĂŶĚ�ďŽƩŽŵ�ůĞŌ�ŽĨ�&ŝŐƵƌĞ�Ϯ�ƐŚŽǁ�ĚĞƚĞƌŝŽƌĂƟŽŶ�
ŽĨ�ŝŵĂŐĞ�ƋƵĂůŝƚǇ͘�/Ŷ�ƉĂƌƟĐƵůĂƌ�Ь͛͛�����Ăƚ�Ϯ͘ϱ�ŵƐ�ĞǆƉŽƐƵƌĞ�ƟŵĞ�ƉƌŽĚƵĐĞƐ�ŝŵĂŐĞƐ�ƵŶƐƵŝƚĂďůĞ�ĨŽƌ�
ŝŵĂŐĞ�ƉƌŽĐĞƐƐŝŶŐ͘

&Žƌ�ƚŚĞ�ƉƵƌƉŽƐĞƐ�ŽĨ�ƚŚŝƐ�ĞǆĂŵƉůĞ͕�ƚŚĞ�ĂƐƐƵŵƉƟŽŶ�ŝƐ�ƚŚĂƚ�ůĂƌŐĞ�ĚĞƉƚŚ�ŽĨ�ĮĞůĚ�ŝƐ�ŶŽƚ�ƌĞƋƵŝƌĞĚ�ĂŶĚ�
ƚŚĞƌĞĨŽƌĞ�ƚŚĞ�ŵŝŶŝŵƵŵ�&ͲŶƵŵďĞƌ�ŽĨ�ƚŚĞ�ůĞŶƐ�ŝƐ�ĂĐĐĞƉƚĂďůĞ͘�/Ŷ�ŽƚŚĞƌ�ǁŽƌĚƐ͕�ŝƚ�ŝƐ�ŶŽƚ�ƉŽƐƐŝďůĞ�ƚŽ�
ĐŽůůĞĐƚ�ŵŽƌĞ�ůŝŐŚƚ�ďǇ�ŽƉĞŶŝŶŐ�ƚŚĞ�ƐŚƵƩĞƌ�ŽĨ�ƚŚĞ�ůĞŶƐ͘

¼’’ CCD ½’’ CCD

at 10 ms shutter

at 2.5 ms shutter

at 5 ms shutter

Figure 2: Results obtained from a 1/4’’ and 1/2’’ CCD cameras at di!erent exposure times



^Ž͕�ƚŚĞ�ĚĞƐŝŐŶĞƌ�ŶĞĞĚƐ�ƚŽ�ĐŽŶƐŝĚĞƌ�Ă�ĚŝīĞƌĞŶƚ�ĐĂŵĞƌĂ͘�dŚĞ�ƋƵĞƐƟŽŶ�ŝƐ�ǁŚĞƚŚĞƌ�Ă�ĚŝīĞƌĞŶƚ�ĐĂŵ-
ĞƌĂ�ŚĂƐ�Ă�ĐŚĂŶĐĞ�ƚŽ�ŝŵƉƌŽǀĞ�ƚŚĞ�ƉĞƌĨŽƌŵĂŶĐĞ�ŽĨ�ƚŚĞ�ƐǇƐƚĞŵ͘�hƐŝŶŐ�Ă�ůĂƌŐĞƌ�ƐĞŶƐŽƌ�ŚĂƐ�ŐĞŶĞƌĂůůǇ�
ďĞĞŶ�ĂĐĐĞƉƚĞĚ�ĂƐ�Ă�ŐŽŽĚ�ǁĂǇ�ŽĨ�ƐŽůǀŝŶŐ�ůŽǁ�ůŝŐŚƚ�ƉĞƌĨŽƌŵĂŶĐĞ�ƉƌŽďůĞŵƐ͕�ƐŽ�Ă�Ъ͛͛�ƐĞŶƐŽƌ�ĐŽƵůĚ�
ďĞ�Ă�ŐŽŽĚ�ĐŚŽŝĐĞ͘��Ƶƚ�ŝŶƐƚĞĂĚ�ŽĨ�ĐŽŶƟŶƵŝŶŐ�ǁŝƚŚ�ƚƌŝĂů�ĂŶĚ�ĞƌƌŽƌ͕ �ĐŽŶƐŝĚĞƌŝŶŐ�ƚŚĞ��Ds��ϭϮϴϴ�
ŝŵĂŐŝŶŐ�ƉĞƌĨŽƌŵĂŶĐĞ�ŽĨ�ƚŚĞ�ĐĂŵĞƌĂ�ĐĂŶ�ďĞ�ƵƐĞĨƵů͘

>ŽŽŬŝŶŐ�Ăƚ�ƚŚĞ��Ds��ϭϮϴϴ�ĚĂƚĂ͕�ŝƚ�ĐĂŶ�ďĞ�ŽďƐĞƌǀĞĚ�ƚŚĂƚ�Ь͛͛�ƐĞŶƐŽƌ�ŚĂƐ�ďĞƩĞƌ�ƋƵĂŶƚƵŵ�ĞĸĐŝĞŶĐǇ�
ĂŶĚ�ůŽǁĞƌ�ŶŽŝƐĞ͕�ďƵƚ�ƚŚĂƚ�Ъ͛͛�����ŚĂƐ�Ă�ůĂƌŐĞƌ�ƉŝǆĞů�ĂŶĚ�ůĂƌŐĞƌ�ƐĂƚƵƌĂƟŽŶ�ĐĂƉĂĐŝƚǇ͘�dŚŝƐ�ĂƌƟĐůĞ�
ƐŚŽǁƐ�ŚŽǁ�ƚŽ�ĚĞƚĞƌŵŝŶĞ�ǁŚĞƚŚĞƌ�ƚŚĞ�Ъ͛͛�ĐĂŵĞƌĂ�ǁŝůů�ƉĞƌĨŽƌŵ�ďĞƩĞƌ͘ �

&ŝŐƵƌĞ�ϯ�ĐŽŵƉĂƌĞƐ�ƚŚĞ�ĐĂŵĞƌĂƐ�ďǇ�ƉůŽƫŶŐ�ƚŚĞ�ƐŝŐŶĂů�ǀĂůƵĞ�ǀĞƌƐƵƐ�ƚŚĞ�ůŝŐŚƚ�ĚĞŶƐŝƚǇ�;ƉŚŽƚŽŶƐͬ�
ђŵϮͿ͘�dŚĞ�ƐŝŐŶĂů�ĂƐ�Ă�ĨƵŶĐƟŽŶ�ŽĨ�ůŝŐŚƚ�ĚĞŶƐŝƚǇ�ŝƐ�ĚĞƚĞƌŵŝŶĞĚ�ƵƐŝŶŐ�ƚŚĞ�ĨŽůůŽǁŝŶŐ�ĨŽƌŵƵůĂ͗

Signal=Light density × (Pixel Size) 2 × Quantum E#ciency

�Ŷ�ŝŵƉŽƌƚĂŶƚ�ĂƐƐƵŵƉƟŽŶ�ŵĂĚĞ�ďǇ�ƚŚŝƐ�ĂƌƟĐůĞ�ŝƐ�ƚŚĂƚ�ƚŚĞ�ůĞŶƐĞƐ�ŚĂǀĞ�ƚŚĞ�ƐĂŵĞ�ĮĞůĚ�ŽĨ�ǀŝĞǁ͕�
ƐĂŵĞ�&ͲŶƵŵďĞƌ�ĂŶĚ�ƐĂŵĞ�ĐĂŵĞƌĂ�ƐĞƫŶŐƐ͘

Camera Sensor Pixel size (µm) 4XDQWXP�(IĆFLHQF\���� Temporal Dark Noise (e-) 6DWXUDWLRQ�&DSDFLW\��H��

1/4’’ Camera 
(FL3-GE-03S1M-C)

ICX618 5.6 70 11.73 14,508

1/2’’ Camera
(BFLY-PGE-03S3M-C)

ICX414 9.9 39 19.43 25,949

Figure 3: Results obtained from a 1/4’’ and 1/2’’ CCD cameras at di!erent exposure times



dŚĞ�ĮŐƵƌĞ�ƐŚŽǁƐ�ƚŚĂƚ�ĨŽƌ�ƚŚĞ�ƐĂŵĞ�ůŝŐŚƚ�ĚĞŶƐŝƚǇ͕�ƚŚĞ�Ъ͛͛�ƐĞŶƐŽƌ�ǁŝůů�ŐĞŶĞƌĂƚĞ�ŚŝŐŚĞƌ�ƐŝŐŶĂů͘�/ƚ�ĐĂŶ�
ĂůƐŽ�ďĞ�ŽďƐĞƌǀĞĚ�ƚŚĂƚ�ƐĂƚƵƌĂƟŽŶ�ŽĐĐƵƌƐ�Ăƚ�Ă�ƐŝŵŝůĂƌ�ůŝŐŚƚ�ĚĞŶƐŝƚǇ�ůĞǀĞů�ŽĨ�ϳϬϬ�ƉŚŽƚŽŶƐͬђŵϮ͕�ŚŽǁ-
ĞǀĞƌ�ƚŚĞ�Ъ͛͛�ƐĞŶƐŽƌ�ŚĂƐ�ƐŝŐŶŝĮĐĂŶƚůǇ�ŚŝŐŚĞƌ�ƐĂƚƵƌĂƟŽŶ�ĐĂƉĂĐŝƚǇ͘�

/Ŷ�ƚŚĞ�ĂƉƉůŝĐĂƟŽŶ�ƚŚĂƚ�ŝƐ�ĐŽŶƐŝĚĞƌĞĚ�ŝŶ�ƚŚŝƐ�ǁŚŝƚĞ�ƉĂƉĞƌ͕ �ƚŚĞ�ĐŽŵƉĂƌŝƐŽŶ�ŽĨ�ĐĂŵĞƌĂƐ�ŶĞĞĚƐ�ƚŽ�ďĞ�
ĚŽŶĞ�Ăƚ�ůŽǁ�ůŝŐŚƚ�ůĞǀĞů͘�dŚĞƌĞĨŽƌĞ�ĐŽŶƐŝĚĞƌŝŶŐ�ƚŚĞ�ŶŽŝƐĞ�ůĞǀĞůƐ�ďĞĐŽŵĞƐ�ƉĂƌƟĐƵůĂƌůǇ�ŝŵƉŽƌƚĂŶƚ͘�

&ŝŐƵƌĞ�ϰ�ƐŚŽǁƐ�ƚŚĞ�ƐŝŐŶĂů�ĂŶĚ�ŶŽŝƐĞ�Ăƚ�ůŽǁ�ůŝŐŚƟŶŐ�ůĞǀĞůƐ͘�dŚĞ�ŶŽŝƐĞ�ƉƌĞƐĞŶƚĞĚ�ŝŶ�ƚŚĞ�ĮŐƵƌĞ�ŝƐ�ĂŶ�
ZD^�ƐƵŵŵĂƟŽŶ�ŽĨ�dĞŵƉŽƌĂů��ĂƌŬ�EŽŝƐĞ�ĂŶĚ�^ŚŽƚ�EŽŝƐĞ�ǁŚŝĐŚ�ǁĂƐ�ĐĂůĐƵůĂƚĞĚ�ƵƐŝŶŐ�ƚŚĞ�
ĨŽůůŽǁŝŶŐ�ĨŽƌŵƵůĂ͗

dŚĞ�ŐƌĂƉŚ�ƐŚŽǁƐ�ƚŚĂƚ�ĂďƐŽůƵƚĞ�ƐĞŶƐŝƟǀŝƚǇ�ƚŚƌĞƐŚŽůĚ�;ƚŚĞ�ůŝŐŚƚ�ůĞǀĞů�Ăƚ�ǁŚŝĐŚ�ƐŝŐŶĂů�ŝƐ�ĞƋƵĂů�ƚŽ�ƚŚĞ�
ŶŽŝƐĞͿ�ŝƐ�ƌĞĂĐŚĞĚ�ďǇ�ƚŚĞ�Ъ͛͛�ƐĞŶƐŽƌ�Ăƚ�Ă�ƐůŝŐŚƚůǇ�ůŽǁĞƌ�ůĞǀĞů�ƚŚĂŶ�ƚŚĂƚ�ŽĨ�Ь͛͛�ƐĞŶƐŽƌ͘ �dŚĞ�ŵŽƌĞ�ŝŵ-
ƉŽƌƚĂŶƚ�ŵĞĂƐƵƌĞ�ŶĞĞĚĞĚ�ƚŽ�ĚĞƚĞƌŵŝŶĞ�ǁŚŝĐŚ�ĐĂŵĞƌĂ�ǁŝůů�ƉĞƌĨŽƌŵ�ďĞƩĞƌ�ŝŶ�ůŽǁ�ůŝŐŚƚ�ĂƉƉůŝĐĂƟŽŶƐ�
ŝƐ�ƚŚĞ�ƐŝŐŶĂů�ƚŽ�ŶŽŝƐĞ�ƌĂƟŽ�;^EZͿ͘�

Noise=   (Temporal Dark Noise) 2 + (Shot Noise) 2

Figure 4: Signal and noise of the 1/4’’ and 1/2’’ CCD cameras at low light levels



&ŝŐƵƌĞ�ϱ�ƐŚŽǁƐ�ƚŚĞ�^EZ�ŽĨ�ƚŚĞ�ƚǁŽ�ĐĂŵĞƌĂƐ�ĂƐ�Ă�ĨƵŶĐƟŽŶ�ŽĨ�ůŝŐŚƟŶŐ�ůĞǀĞů͘

Figure 5: Signal to noise ration of the 1/4’’ and 1/2’’ CCD cameras at low light levels

�ĂƐĞĚ�ŽŶ�ƚŚĞ�ŚŝŐŚĞƌ�ƐŝŐŶĂů�ƚŽ�ŶŽŝƐĞ�ƌĂƟŽ�ŽĨ�ƚŚĞ�Ъ͛͛�ƐĞŶƐŽƌ͕ �ƚŚĞŽƌǇ�ƐƵŐŐĞƐƚƐ�ƚŚĂƚ�ƚŚĞ�Ъ͛͛�ĐĂŵĞƌĂƐ�ƐŚŽƵůĚ�
ƉĞƌĨŽƌŵ�ďĞƩĞƌ�ƚŚĂŶ�Ь͛͛�ĐĂŵĞƌĂ�Ăƚ�ůŽǁ�ůŝŐŚƚ�ůĞǀĞůƐ͘

&ƌŽŵ�ŝŵĂŐĞƐ�ŝŶ�&ŝŐƵƌĞ�Ϯ͕�ŝƚ�ĐĂŶ�ďĞ�ƐĞĞŶ�ƚŚĂƚ�Ăƚ�Ϯ͘ϱ�ŵƐ�ĞǆƉŽƐƵƌĞ�ƟŵĞ͕�ƚŚĞ�Ъ͛͛�ƐĞŶƐŽƌ�ƉƌĞƐĞƌǀĞƐ�ƚŚĞ�
ƐŚĂƉĞ�ŽĨ�ƚŚĞ�ĐŚĂƌĂĐƚĞƌƐ�Ăƚ�Ăůů�ĞǆƉŽƐƵƌĞ�ƟŵĞƐ͕�ǁŚŝůĞ�ƚŚĞ�Ь͛͛�ƐĞŶƐŽƌ�ŵĂŬĞƐ�ŝƚ�ĚŝĸĐƵůƚ�ƚŽ�ĚŝƐƟŶŐƵŝƐŚ�
ďĞƚǁĞĞŶ�ĐŚĂƌĂĐƚĞƌƐ͘�dŚĞ�Ъ͛͛�ƐĞŶƐŽƌ�ƚŚĞƌĞĨŽƌĞ�ƉĞƌĨŽƌŵƐ�ďĞƩĞƌ�ĂŶĚ�ƚŚĞ�ƉƌĂĐƟĐĂů�ƌĞƐƵůƚƐ�ĂƌĞ�ŝŶͲůŝŶĞ�ǁŝƚŚ�
ƚŚĞ�ƚŚĞŽƌǇ͘

WŽŝŶƚ�'ƌĞǇ�ŚĂƐ�ĚŽŶĞ�ĂŶ�ĞǆƚĞŶƐŝǀĞ�ƐƚƵĚǇ�ŽĨ�ĐĂŵĞƌĂƐ�ĂŶĚ�ŚĂƐ�ƉƵďůŝƐŚĞĚ�ƚŚĞ��Ds��ϭϮϴϴ�ŝŵĂŐŝŶŐ�ƉĞƌĨŽƌ-
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Figure 6: Signal to noise ratio of the ICX414 CCD and IMX249 CMOS sensors at low light levels



Figure 8: Signal produced by the ICX414 CCD and IMX249 CMOS sensor as a function of the light level

Figure 7: Results obtained from the ICX414 CCD and IMX249 CMOS sensors at di!erent exposure times
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Figure 9: Results obtained with the ICX414 CCD and IMX249 CMOS sensors under di#cult lighting conditions
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ƚŚĞ��Ds�ϭϮϴϴ�ƐƚĂŶĚĂƌĚ�ĂŶĚ�ĂƉƉůŝĞĚ�ƚŚĞ�ƌĞƐƵůƚƐ�ƚŽ�ĐŽŵƉĂƌĞ�ĐĂŵĞƌĂ�ƉĞƌĨŽƌŵĂŶĐĞ�ƵŶĚĞƌ�Ă�ǀĂƌŝĞƚǇ�ŽĨ�
ůŝŐŚƟŶŐ�ĐŽŶĚŝƟŽŶƐ͘��dŚĞƌĞ�ĂƌĞ�ƐƟůů�ŵĂŶǇ�ŵŽƌĞ�ĂƐƉĞĐƚƐ�ŽĨ�ĐĂŵĞƌĂ�ƉĞƌĨŽƌŵĂŶĐĞ�ƚŚĂƚ�ĐĂŶ�ďĞ�ĐŽŶƐŝĚĞƌĞĚ�
ǁŚĞŶ�ĞǀĂůƵĂƟŶŐ�ĐĂŵĞƌĂƐ͘�&Žƌ�ĞǆĂŵƉůĞ͕�ƋƵĂŶƚƵŵ�ĞĸĐŝĞŶĐǇ�ĐŚĂŶŐĞƐ�ĚƌĂŵĂƟĐĂůůǇ�Ăƚ�ĚŝīĞƌĞŶƚ�
ǁĂǀĞůĞŶŐƚŚƐ͕�ƐŽ�Ă�ĐĂŵĞƌĂ�ƚŚĂƚ�ƉĞƌĨŽƌŵƐ�ǁĞůů�Ăƚ�ϱϮϱŶŵ͕�ŵĂǇ�ŶŽƚ�ƉƌĞĨŽƌŵ�ŶĞĂƌůǇ�ĂƐ�ǁĞůů�ǁŚĞŶ�ƚŚĞ�ůŝŐŚƚ�
ƐŽƵƌĐĞ�ŝƐ�Ăƚ�ŶĞĂƌ�ŝŶĨƌĂͲƌĞĚ�;E/ZͿ�ĨƌĞƋƵĞŶĐŝĞƐ͘�^ŝŵŝůĂƌůǇ͕ �ůŽŶŐ�ĞǆƉŽƐƵƌĞ�ƟŵĞƐ�ĐŽŵŵŽŶ�ƚŽ�ŇƵŽƌĞƐĐĞŶĐĞ�
ĂŶĚ�ĂƐƚƌŽŶŽŵŝĐ�ŝŵĂŐŝŶŐ�ŶĞĞĚ�ƚŽ�ĐŽŶƐŝĚĞƌ�ƚŚĞ�ĞĨĨĞĐƚƐ�ŽĨ�ĚĂƌŬ�ĐƵƌƌĞŶƚ͕�Ă�ƚǇƉĞ�ŽĨ�ŶŽŝƐĞ�ƚŚĂƚ�ŝƐ�ŝŵƉŽƌƚĂŶƚ�Ăƚ�
ĞǆƚƌĞŵĞůǇ�ůŽǁ�ůŝŐŚƚ�ůĞǀĞůƐ͘�^ĞůĞĐƚŝŶŐ�ƚŚĞ�ƌŝŐŚƚ�ĐĂŵĞƌĂ�ďĂƐĞĚ�ŽŶ�ŝŵĂŐŝŶŐ�ƉĞƌĨŽƌŵĂŶĐĞ�ĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ�ŝƐ�
ŶŽƚ�ĞĂƐǇ͕�ŚŽǁĞǀĞƌ�ǁĞ�ŚŽƉĞ�ƚŚĂƚ�ƚŚŝƐ�ǁŚŝƚĞ�ƉĂƉĞƌ�ŚĂƐ�ŚĞůƉĞĚ�Ă�ďŝƚ�ƚŽ�ŵĂŬĞ�ƐĞŶƐĞ�ŽĨ�ƚŚŝƐ�ĨĂƐĐŝŶĂƚŝŶŐ�ĂŶĚ�
ĐŽŵƉůĞǆ�ƚŽƉŝĐ͘



CANADA (Headquarters)
Point Grey Research, Inc.

12051 Riverside Way
Richmond, BC, Canada
V6W 1K7

T: +1 866.765.0827 (toll free)
T: +1 604.242.9937
F: +1 604.242.9938
E: sales@ptgrey.com
www.ptgrey.com

EUROPE
T: +49 7141 488817-0
F: +49 7141 488817-99
E: eu-sales@ptgrey.com
eu.ptgrey.com

DISTRIBUTORS
JAPAN–ViewPLUS Inc. (www.viewplus.co.jp)

          –Kyoshin Communications Inc. (www.kycom.co.jp)

KOREA–CYLOD Co., Ltd. (www.cylod.com)

CHINA–LUSTER LightVision (www.lusterinc.com)

SINGAPORE, THAILAND, MALAYSIA–Voltrium Systems (www.voltrium.com.sg)

TAIWAN–Apo Star Co., Ltd. (www.apostar.com.tw)

              –SURE Technology Corporation (www.surevision.com.tw)

UNITED KINGDOM AND IRELAND–ClearView Imaging (www.clearviewimaging.co.uk)
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PDUNV�RI�3RLQW�*UH\�5HVHDUFK��,QF��LQ�&DQDGD�DQG�RWKHU�FRXQWULHV��$OO�RWKHU�WUDGHPDUNV�RU�UHJLVWHUHG�WUDGHPDUNV�DUH�WKH�SURSHUW\�RI�WKHLU�UHVSHFWLYH�RZQHUV����3RLQW�*UH\�5HVHDUFK��,QF���
AUG 2015��$OO�ULJKWV�UHVHUYHG��

ASIA
E: asia-sales@ptgrey.com

CORPORATE HEADQUARTERS
RICHMOND, BC, CANADA

LUDWIGSBURG, GERMANY

LUSTER LIGHTVISION TECH
CHINA DISTRIBUTOR

VIEWPLUS
JAPAN DISTRIBUTOR

KYOSHIN COMMUNICATIONS
JAPAN DISTRIBUTOR

CYLOD
KOREA DISTRIBUTOR

VOLTRIUM SYSTEMS
SINGAPORE / THAILAND /

MALAYSIA DISTRIBUTOR

APO STAR
TAIWAN DISTRIBUTOR

SURE TECHNOLOGY
TAIWAN DISTRIBUTOR

TOKYO, JAPAN
TRENTO, ITALY BEIJING, CHINA

CLEARVIEW IMAGING
UK DISTRIBUTOR

CHINA
T: +86 10 8215 9938
F: +86 10 8215 9938 x809
E: chinasales@ptgrey.com
www.ptgreychina.com


