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Abstract 

Image intensifier tube is the most important block of night vision devices that enable vision at low illumination 

conditions and are of critical importance for military and security agencies. SNR (signal to noise ratio) is one of 

two most important parameters of image intensifier tubes. This paper presents a review of methods used to 

measure SNR of image intensifier tubes. Reasons why SNR test results of the same tube carried out by different 

laboratories often differ significantly are presented. 
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1. Introduction 

Signal to Noise Ratio (SNR) of image intensifier tubes (IITs) gives information how noisy 

is image generated by the image intensifier tube working at low illumination conditions. In 

detail, it gives information about the temporal variation of brightness of image of the small 

pinhole (diameter 0.2 mm) projected at the tube photocathode. Low SNR can significantly 

degrade image quality at the low illumination condition making it difficult to recognize small 

details and limits application of such a tube under dark night conditions. SNR is commonly 

considered as one of two most important parameters (the second one is resolution) of image 

intensifier tubes. The main performance criterion called Figure of Merit (FOM) of IITs is 

calculated as a product of SNR and resolution. 

At present there are no international standards that regulate testing IITs. However, there 

have been issued a series of US MIL standards [1-5] that present a method to measure SNR of 

IITs and have achieved status of semi-world standards. Almost all manufacturers of IITs 

claim that they present in data sheets results of SNR measurements obtained using 

measurement methods identical or equivalent to recommendations from US MIL standards. 

However, in spite of this apparent near perfect metrological situation, results of measurement 

of SNR of IITs carried out in different night vision laboratories often vary significantly. 

The author of this paper is CEO of a company that manufactures stations for testing IITs 

and often meets a problem of verification of accuracy of manufactured test stations. It is a 

typical procedure used by customers to compare SNR measurement results generated by the 

delivered test station with results obtained from manufacturer/supplier test certificate of a 

tested IIT. Unfortunately, it is a common situation that such comparison tests generate 

different results depending on tube manufacturer, tube supplier, customer country, or other 

factors. The same test station is sometimes considered to produce too optimistic results by 

some customers when others suggest that it generates too pessimistic results. Such situation is 

a metrological nightmare because there is no internationally accredited institution that could 

certify the test station and prove proper accuracy. 
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This paper presents an analysis of situation in a field of image intensifier metrology related 

to measurement of SNR of IITs. Reasons why SNR test results of the same tube carried out by 

different laboratories often differ significantly are presented. 

2. SNR measurement methods recommended by standards 

The methods to measure SNR of image intensifier tubes have been presented in in form of 

US MIL standards [1-5]. However, it should be noticed that the measurement concept of SNR 

had been developed in 1970s-1980s and since that time it is repeated with only some minor 

modifications in every new issue of such standards. Equivalent Chinese standard that regulate 

testing image intensifier tubes presents practically identical rules for measurement of SNR of 

such tubes as US MIL standards [6]. Therefore, almost all conclusions about MIL standards 

are valid also for the Chinese standard. There is also Russian standard that present 

recommendations that differ from both US/Chinese standards [7]. Here we are to concentrate 

on MIL standards that are followed by majority of labs worldwide. 

The method to measure SNR recommended by MIL standards is based on idea to 

illuminate tube photocathode using a pinhole target of 0.2 mm diameter at illuminance level 

10-5 fc (0.108 mlx) using light source of 2856 K colour temperature and later to measure 

temporal variations of total flux of output image of this target at tube screen.  

Image of screen of IIT during SNR measurement is shown at Fig. 1. As we can seen it 

presents a small bright spot on dark noisy background. Rudimentary visual analysis of pinhole 

image suggest that the image of the pinhole only slightly overfills 0.2 mm circle (Fig. 1a). 

However, careful analysis using software for image processing can show also very faint halo 

up to about 1 mm diameter (Fig. 1b). The halo effect is more clearly seen in Fig. 2 that 

presents light intensity cross section of image of 0.2 mm pinhole. It is clear that total image of 

0.2 mm pinhole target is much bigger than the original 0.2 mm circle due to image blurring 

caused by different types of halo effects. Therefore, analysing pinhole of diameter 

significantly bigger than 0.2 mm is needed to record total flux of image of the pinhole target 

and output signal differs depending on diameter of this analysis window. 

Further on, the MIL standards recommend measurement of SNR of IITs using a modular 

test system built from two main blocks (Fig. 3): 

1. Image projector,  

2. Optoelectronic meter.  

The first block is built as a pinhole light source (tungsten bulb, neutral filter, opal glass, 

pinhole target) integrated with an objective lens. The task of this block is to create an image 

of 0.2 mm pinhole target of 10-5 fc illuminance at photocathode plane of the tested tube. 

 

a)  b)  

Fig. 1. Image of a pinhole target a) linear scale; b) logarithmic scale with 0.2 and 2 mm area marked. 
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a)  b)  

Fig. 2. Relative light intensity of image of 0.2 mm pinhole target a) linear scale, b) logarithmic scale. 

 

Fig. 3. Graphical concept of a system for measurement SNR of IITs according to MIL standards. 

The second block is to be built as a set: objective lens, photomultiplier, electronic filter, 

and RMS meter. The task of this block is to measure temporal variations of brightness of 

image of the pinhole target created at the tube screen at specified equivalent noise bandwidth. 

The objective lens projects image of image of pinhole at tube screen to photomultiplier 

photocathode. Measuring pinhole located at photomultiplier plane determines diameter of 

sensing circle around the pinhole image. Later, the photomultiplier converts total optical flux 

into electrical signal. Electronic filter regulates spectrum of transmitted electrical signal. 

Finally, RMS meter enables measurement of both DC and AC component (true rms) of this 

electrical signal. 

Calculation of raw SNR is to be carried out using the following formula: 

 𝑆𝑁𝑅𝑟𝑎𝑤=
𝑆-𝐵

𝐾√𝜎𝑆
2-𝜎𝐵

2
 (1) 

where: S – mean signal from the pinhole target when photocathode is illuminated, B – mean 

signal from the pinhole target when photocathode is not illuminated, σS – standard deviation 

of the signal from the pinhole target when photocathode is illuminated, σB – standard 

deviation of the signal from the pinhole target when photocathode is not illuminated, K –

 correlation factor. 

Detail technical requirements on test station/measurement method of different MIL 

standards are presented in Table 1. As can be seen there are some minor differences between 

different standards. 

3. Situation in image intensifier metrology 

SNR is one of most important parameters of IITs and is included in data sheet of any of 

these imaging devices [8-11]. In addition, in many countries IITs are divided into three 

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Light spot

Noise level

Distance [mm]

R
e

la
ti
v
e

 l
ig

h
t 
in

te
n

s
it
y

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

0.001

0.01

0.1

1

Light spot

Noise level

Distance [mm]

R
e

la
ti
v
e

 l
ig

h
t 
in

te
n

s
it
y



K. Chrzanowski: REVIEW OF METHODS FOR MEASUREMENT OF SIGNAL TO NOISE RATIO OF IMAGE INTENSIFIER TUBES 

categories (military, dual use, civilian) depending on FOM criterion (product of resolution 

and SNR) [12]. 

 

Table 1. Technical requirements of MIL standards  

MIL number MIL-I-49453(CR) MIL-I-49052F 
MIL-PRF-

A3256363C(CR) 

Draft MIL-PRF-

A3314408 

MIL date 1989 1992 2004 2019 

Diameter of input pinhole 0.2 0.2 0.2 0.2 

Pinhole illuminance 10-5 fc 1.2 10-6 fc 10-5 fc 10-5 fc 

Tolerance on pinhole 

illuminance 
±10% ±10% - - 

Light color temperature 2856±50 K 2856±50 K 2856±50 K 2856±50 K 

Block to improve light 

uniformity 

Yes (light source 

passing through 

opal glass) 

Yes (opal glass or 

integration sphere) 
No No 

Spectral uniformity of 

neutral filter 
±10% ±10% - - 

Diameter of measuring 

pinhole 
>0.2 mm >0.2 mm - <0.3 mm 

Frequency band of 

electronic filter 

electronic 

bandwidth of 10 Hz 

equivalent 

bandwidth of 10 Hz 

noise equivalent 

bandwidth of 10 Hz 

noise equivalent 

bandwidth of 10 Hz 

K factor 
K = 1.19 for P20 

phosphor 

K = 1.09 for 

specified phosphor 

decay time 

K = 1.15 for P43 K = 1.15 for P43 

 

The measurement method recommended by MIL standards presented in previous section 

has been practically used for several decades worldwide to measure SNR of hundreds of 

thousands of IITs. The concept of MIL method for SNR measurement is apparently accepted 

by all major manufacturers of IITs, manufacturers of night vision devices (NVDs), 

manufacturers of test equipment and scientific institutes working in field of night vision. This 

claim is supported by a series of scientific papers that present basic description of the classical 

SNR measurement method and some measurement results obtained using this method without 

any critical opinion on the MIL method of SNR measurement [13-19]. In addition, there is a 

paper that presents a newly developed test station to measure SNR using the classical MIL 

method that claims very good measurement accuracy ±3.5% of developed test station [20]. 

Therefore, it apparently looks that situation in metrology of image intensifiers related to 

measurement of SNR is good. However, real situation in metrology of II tubes is rather 

gloomy. 

First, significant differences (level over 25%) between measurement results of SNR 

measurement of the same tube carried out by different test laboratories (manufacturers of 

II tubes, manufacturers of NVDs, scientific institutes, military quality control centres) located 

in different countries occur frequently. 

Second, it is commonly known that non-US manufactures of IITs often use SNR 

measurement methods that are supposed to be equivalent to MIL method, but practically these 

modified methods are different. 

The result is that measurement results of this very important parameter of an important 

military/dual use product vary significantly depending on geographical location of test 

laboratory. Such a situation with measurement results of this important EO device can be 

surprising for most readers, but such a situation is a true fact. The best confirmation for this 
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claim on poor SNR reproducibility can be a paper written by scientists from main US military 

institution in field of metrology of night vision: US Army RDECOM CERDEC Night Vision 

& Electronic Sensors Directorate [21]. This paper confirms significant differences between 

measurement results of SNR of IITs generated by US laboratories and results from non US 

(foreign) laboratories. In fact the paper calls SNR results delivered by non-US laboratories as 

only “marketing information”. 

This gloomy metrological situation presented above is a nightmare for the author who is 

CEO of a company that manufactures stations for testing IITs [22]. It is a typical procedure 

used by customers to compare SNR measurement results generated by delivered test station 

with SNR values obtained from data sheets delivered by tube supplier. Such comparison tests 

of identical test station can generate different results depending on geographical location of 

test laboratory that has delivered data sheet for tested IITs. It is quite normal that one 

customer claims that the new test station generates too positive results when the other claims 

that the results are too negative.  

4. Division of SNR measurement methods 

Now let us analyse metrological situation and find out what are the reasons that generate 

poor reproducibility of measurement of SNR of IITs carried out by different teams in different 

countries.  

In author opinion, the prime reason of poor reproducibility is the use of myriads of 

measurement methods that technically differ at some details. In detail, the measurement 

methods of SNR can be divided into four groups: 

1. original MIL methods, 

2. MIL equivalent methods, 

3. computerized MIL methods, 

4. non MIL methods. 

Original MIL methods are methods of SNR measurement implemented by team that try to 

faithfully implement recommendations of MIL standards. 

MIL equivalent methods are methods of SNR measurement implemented by team that do 

measurement of SNR at non-MIL measurement conditions (input pinhole aperture, frequency 

bandwidth, correlation factor) but later implement corrections to compensate these 

differences. 

Computerized MIL methods are methods that use image/data processing carried out by 

computers to calculate SNR of tested IITs. Computerization can be applied to both original 

MIL methods or to MIL equivalent methods.  

Non MIL methods are methods of SNR measurements that differ significantly from the 

MIL measurement principle: projection of image of single pinhole and analysis of temporal 

variations of flux of this pinhole. 

Now, let us discuss all these groups of measurement methods in detail.  

5. Original MIL methods 

All MIL standards recommends basically the same test system described in Section 2. 

However, test station built according to recommendations of these standards can generate 

different results due to minor differences, non clear recommendations or technical limitation 

of solutions proposed by the standards. called later as technical details. There are seven such 

technical details of stations built according to MIL standards that can degrade reproducibility 

of SNR measurements: 

1. spectral band of light source,  
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2. colour temperature of light source, 

3. transmission of neutral filter, 

4. illuminance of light source, 

5. diameter of measuring output pinhole, 

6. frequency spectrum of of opto-electronic meter, 

7. correlation factor K. 

It should be also emphasised that US MIL standards have not been intended to be used as 

international standards but only as US military standards to set requirements and present test 

methods of specified IITs valid only for a certain period of time. However, some non-US labs 

use non-valid MIL standards and therefore in this section we are to analyse all four exemplary 

standard listed in Table 1. 

5.1. Spectral band of light source  

The MILs require that colour temperature of the light source equals to 2856K±50 K. 

However, colour temperature of typical calibrated halogen bulbs used as standards in majority 

of national photometric laboratories is measured only in visible band when spectral band of II 

tubes is much wider: 400-950 nm (band of newest tubes can be up to 1200 nm). Spectrum of 

halogen bulbs of the same colour temperature at visible band can differ noticeable in near 

infrared (NIR) range (Fig. 4). It can be estimated that test station built using light source with 

halogen no. 1 from Fig. 4 will generates SNR higher by about 2% comparing to SNR obtained 

using the same station employing halogen bulb no. 2. This calculation is based on assumption 

that SNR is proportional to square root from radiometric signal incoming to photocathode of 

tested tube. 

 

 

Fig. 4. Relative spectral intensity of two halogen bulbs of the same visible color temperature. 

5.2. Color temperature of light source 

The MIL standards specify ±50 K tolerance for the colour temperature of the source. It 

means that light sources of colour temperature in range from 2806 K to 2906 K are 

acceptable. However, use of two light sources generating the same illumination of tube 

photocathode, but of such different colour temperatures will generate different radiometric 

stimulus to photocathode. It can be estimated that test station built using using light source 
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with halogen of 2906 K colour temperature will generate SNR higher by about 2% comparing 

to SNR obtained using the same station employing halogen bulb of 2806 K colour 

temperature. 

5.3. Transmission of neutral filter 

The MILs propose regulation of light intensity using a set of neutral filters of different 

optical densities. Optical density (OD) is defined as the logarithm of the ratio of incident light 

intensity to transmitted light intensity, indicating how much light is reduced (absorbed, 

reflected, scattered) as it passes through a substance; a higher OD means less light gets 

through Using filters is a cumbersome regulation method that offer only step regulation. 

However, this method of regulation of light illuminating photocathode of tested IITs was 

commonly used in old test stations that are still used in many nigh vision labs. The problem is 

that neutral filters available on the market are not fully neutral in typical spectral band of IITs 

from about 450 nm to about 900 nm (Fig. 5). Therefore, use of even best neutral filters 

(OD100-OD200) calibrated at visible band can lead to noticeable measurement errors of 

SNR. The MIL standards accept use of neutral filters of rather poor spectral uniformity (±10% 

from nominal value) and the measurement error of SNR can be significant (up to 4%) in worst 

case scenario (transmission at NIR is 10% higher/lower comparing to transmission at visible 

band). 

 

  

Fig. 5. Transmission of exemplary set of neutral filters offered on market [23]. 

5.4. Illuminance of light source 

The task of of light source is to illuminate photocathode at 10-5 fcd (0.108 mlx) level. 

However, in reality the real illumination level can differ from the nominal one. The MILs 

accept light sources of 10% tolerance when measuring SNR of IITs. It is a reasonable 

demand, as it is not easy to design such light source. However, use of such limited accuracy 

light source can generate significant SNR measurement errors at level ±3.0%. 

5.5. Diameter of measuring pinhole 

As shown in Fig. 1 tested IITs generate image in form of a bright circle surrounded by the 

faint halo. Therefore, it is logical that measured output signal shall depend on diameter of 

measuring pinhole. The rule is larger pinhole – higher SNR. The explanation is that larger 
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pinhole enables measurement of flux from not only image of bright light spot of diameter 

about 0.2 mm pinhole but also from faint but large secondary halo.  

The latest MIL standard [5] recommends that the diameter of pinhole of the optical meter 

used to measure output signal at screen plane should be not bigger than 0.3 mm. However, the 

older standards required only that the diameter is equal or bigger than 0.2 mm. This blurred 

requirements of the older standards creates potential variability of SNR measurement results 

because measured SNR of some IITs depends on diameter of the measuring analysing pinhole 

(Fig. 6). Looking at the data from Fig. 6, increasing sampling diameter from 0.2 mm to 1.2 

mm boosts SNR results by 10%. 

5.6. Opto-electronic meter  

All MIL standards specify that rms component of signal generated by photomultiplier shall 

pass through low pass filter of 10 Hz bandwidth before measurement or rms component of 

this signal. Most probably the aim of this filtration is simulation of temporal properties of 

human eye that is sensitive up to about 10 Hz (equivalent to 20 frames per second). Therefore, 

typical MIL based test stations use electronic filter for low pass filtration, prior to RMS meter. 

 

 

Fig. 6. Relationship between measured SNR on diameter of the measuring pinhole for exemplary II tube. 

There are some subtle differences in requirements on frequency bandwidth of the 

electronic filter:  

• MIL-I-49453(CR): electronic bandwidth of 10 Hz, 

• MIL-I-49052F: equivalent bandwidth of 10 Hz, 

• MIL-PRF-A3256363C(CR), MIL-PRF-A3314408: noise equivalent bandwidth 10 Hz. 

These apparently minor terminology differences can lead to noticeable differences in SNR 

results. Station using filter of electronic bandwidth of 10 Hz shall generate SNR result up to 

about 4% lower comparing to result generated by station that use electronic filter of noise 

equivalent bandwidth of 10 Hz. 

It can be agreed that this terminology drawback of old MILs has been eliminated in newer 

MIL that clearly say that they talk on noise equivalent 10 Hz bandwidth. However, there is 

another source of variability of SNR results related to optoelectronic meter.  

Low pass filtering of noise equivalent bandwidth equal to 10 Hz means that electrical  

signals of frequency from near 0 Hz to approximately 10 Hz reach input of the RMS meter. 

However, due to design limitations even the best of old analogue RMS meters could measure 

AC signal only at frequencies higher than a certain low frequency limit that vary in range 

from 1 Hz to 3 Hz [24-26]. 
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This limitation has been eliminated in modern digital RMS meter that are capable to 

measure signal of frequencies as low as 0.01 Hz or below (assuming long measurement time 

is acceptable). However, it looks that majority of test labs still use old stations built using old 

analogue RMS meters as reference test stations.  

Practically it means that depending on low frequency limit of used RMS meter measured 

SNR shall vary significantly. This influence vary depending on noise spectrum of tested II 

tubes. However, it can be estimated that measurement using RMS meter of low limit at 3 Hz 

can produce results that are up to 14% higher over results generated by station based on 

modern computerized RMS meters of low, near zero Hz, limit. 

5.7. Correlation factor K 

As presented Section 2 the MIL standards recommend to divide raw measurement of SNR 

by correlation factor K that depends on type of phosphor used coat screen of II tube. In detail, 

the MILs present values of correlation factor K for three most popular phosphors: K = 1.15 

for P43 or P45; and K = 1.19 for P20 (Table 1).  

In situation when K factor for all popular phosphors used to built IITs is known, these 

standards give almost no room for manipulation with final SNR results. However, there is 

also one old exceptional MIL standard (MIL-I-49052F)  that proposes to use K factor equal to 

1.09, if phosphor decay time characteristic fulfils requirements presented in Fig.7. Use of 

K = 1.09 produces SNR result 6%/10% higher comparing to SNR values obtained when using 

typical values K = 1.15/1.19. Therefore, some manufacturers claim that phosphor used in their 

IITs fulfil requirements in Fig.7 and use K = 1.09 in calculation of final SNR measurement 

results. 

 

Fig. 7. Requirement on phosphor decay time characteristic as per MIL-I-49052F standard. 

6. MIL equivalent methods 

MIL equivalent methods are methods of SNR measurement based on idea to carry out 

typical SNR measurement as described by (1) at non-MIL test conditions (input pinhole 

aperture, photocathode illuminance, noise frequency bandwidth, correlation factor K) and 

later to correct influence of non standard conditions using proper theoretical formula. In 

detail, SNR for MIL equivalent methods is to be calculated using following formula: 
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 𝑆𝑁𝑅𝑐𝑜𝑟=
𝑆𝑁𝑅𝑟𝑎𝑤

𝐾𝑛𝑒𝑤

𝐷𝑟𝑒𝑓√𝐸𝑟𝑒𝑓𝛥𝑓

𝐷√𝐸𝛥𝑓𝑟𝑒𝑓
, (2) 

where: SNRraw – raw SNR results obtained using the non-MIL method, D – diameter of input 

pinhole used for measurement, Dref – MIL recommended diameter of pinhole equal to 0.2 

mm, E – photocathode illuminance during measurement, Eref – MIL recommended 

photocathode illuminance equal to 0.108 mlx, Δfref – MIL recommended noise frequency band 

equal to 10 Hz, Δf – frequency bandwidth of electronic filter used during measurement, Knew – 

new correlation factor that replace factor proposed directly by MILs. 

6.1. Modified test conditions 

Big advantage of MIL equivalent methods is possibility to measure temporal fluctuation of 

flux of image of input pinhole target (about 0.2 mm) using bigger measuring pinhole 

(example 1.7 mm) at higher illumination level (example 0.2 mlx). Such test scenario enables 

to use lower sensitivity optical meters to measure total signal from both bright spot and wide 

circular halo. It is also easier to focus such meter to find bigger target.  

Further on, it is convenient to eliminate need to fix noise frequency bandwidth of 

electronic filter meter precisely to 10 Hz. Finally, this method enables measurement of 

correlation factor K phosphor truly used in tested IITs instead of relaying on values given in 

MIL standards. 

According to physical principles about random photon noise of light incoming to tube 

photocathode, measured raw SNR should be proportional to diameter D of input pinhole, 

proportional to square root of illuminance level E and proportional to square root of frequency 

bandwidth Δf. Therefore, theoretically the (2) is correct and influence of non-MIL 

measurement conditions should be compensated. Practically situation is more complicated 

and MIL equivalent methods often generate results that differ comparing to results generated 

by MIL original methods.  

MIL equivalent measurement method is formally supported only by a Russian standard 

that regulates SNR measurement of IITs [7]. However, on basis of author experience it can be 

said that majority of non-US manufactures use SNR measurement methods that deviate from 

the MIL method. It should be noted that the author does not suggest that main non-US 

manufacturers follow Russian standards but only that they have developed independently 

SNR measurement methods that deviate at some details from original MIL method presented 

in Section 2. Each of non-US methods uses at least one test condition that differ comparing to 

test conditions shown in Section 2. 

The equation (2) is based on sound theoretical principles and theoretically should generate 

the same results as SNR measured at nominal test conditions. Practically SNR is relatively 

non sensitive to photocathode illuminance and frequency bandwidth of electronic meter. 

However, SNR is also sensitive to diameter of input pinhole used for measurement. It has 

been experimentally shown that by using a big 2 mm pinhole (instead of typical small 0.2 mm 

pinhole) it is possible to improve SNR generated by (2) by up to 10%. Most probably this 

improvement is related to blurring effect of output pinhole image. If pinhole is big then 

blurring effect is negligible. 

6.2. Modified correlation factor K 

Old paper written at end of 1970s by employees of US Night Vision Laboratory 

(predecessor of US Night Vision & Electronic Sensors Directorate) suggests that the aim of 

introduction of K factor was to correct influence of temporal characteristics of different 

phosphors on final SNR measurement results [27]. In detail, the aim was to avoid situation 
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when measurement method favours tubes with phosphors of long temporal inertia like P20 or 

P22 over tubes with phosphors of short temporal inertia like P52, or P43. 

Nowadays, tubes screens built using fast phosphors like P43 or P45 of very short temporal 

inertia dominate market of IITs. Therefore, the author has met some manufacturers/sellers 

who claimed that use of K factor is nowadays not needed and they use K = 1 in (1) (no 

correction at all). 

Two different precise formulas how to calculate factor K can be found in two old papers. 

First, a paper written in 1970s by employee of renowned US Night Vision Laboratory 

propose to calculate K on basis of phosphor power spectrum [27]: 

 𝐾=√
∫ 𝑃𝑜𝑤𝑒𝑟(𝑤ℎ𝑖𝑡𝑒)𝑑𝑓
10Hz
0

∫ 𝑃𝑜𝑤𝑒𝑟(𝑝ℎ𝑜𝑠𝑝ℎor)𝑑𝑓
10Hz
0

, (3) 

where Power(white) is a power spectrum of ideal meter-tube system built using tubes o zero 

temporal inertia and Power(phosphor) a power spectrum of a real meter-tube system built 

using real phosphor screen of not negligible temporal inertia. 

Second, an old MIL standard from beginning of 1980s propose different way to calculate K 

factor as ratio of two noise equivalent bandwidths [28] 

 𝐾=√
𝐵𝐹

𝑁𝐸𝐵
, (4) 

where BF is specified measurement noise equivalent bandwidth (10 Hz), and NEB is actual 

value measured for the system. 

The author of this paper is not a specialist in phosphor technology and has not carried out 

measurement of factor K. Here can only say that he had met some test teams that claim that 

both (3) (4) generate lower (less pessimistic) values comparing to MIL data.  

There is some logic to support such claims. The values from MILs (K = 1.21 for P-22, 

K = 1.15 for P-43) suggest that there is strong influence of temporal inertia of phosphor 

screen on noisiness of output image. However, decay time of P-43 phosphor is not longer than 

3 ms [29]. Therefore, it is not clear how so fast phosphor can create such significant 

smoothing of output signal measured using optical meter of low frequency band equal up to 

10 Hz.  

Further doubts about values of K coefficient in MILs can arise after detail analysis of [27]. 

It presents K value for P-52 phosphor at level of 1.1. P-52 phosphors are still used for CRT 

displays [30]. Temporal properties of P-52 phosphor are almost the same as of P-43 

phosphors used for the same applications. Therefore, there is no logical explanation why K 

coefficient for P-43 phosphor is 50% higher comparing to value of K coefficient for P-52 

phosphor.  

It is also not clear if phosphors of the same type (P20, P43, P45, P22) are characterized by 

the same temporal inertia and the consequently the same K factor. The author has met non 

verified opinion from one of the manufacturers of IITs that they can use phosphors of the 

same type (like P20 phosphor) but of different temporal inertia depending of phosphor 

technology. 

At the same time, it is impossible to prove that values of K coefficient presented in MIL 

standards have been measured in wrong way because newer standards do not present precise 

method of determination of this coefficient.  

To summarize, K factor is of critical importance for accurate SNR measurement and 

present unclear situation enables manipulation with SNR measurement results.  

It should be also noted that the main reason to introduce K factor was to eliminate unfair 

competition from IITs having phosphors of long temporal inertia. Nowadays, only fast 
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phosphors (P43, P45) of the same K factor are used. Therefore, technically it is possible to 

drop the use of K factor while keeping the ability to objectively compare of SNR of different 

tubes. 

7. Computerized MIL methods 

Computerized MIL methods are methods that use image/data processing carried out by 

computers to calculate SNR of tested IITs, but basically employ measurement principle of 

typical MIL original method. Therefore, computerized methods can be treated as modern 

form of original MIL methods.  

Concept of measurement of SNR presented in MIL standards has been developed before 

era of mass use of computer technology. Therefore, it is logical that MIL standards describe 

measurement procedure based on use of simple non-imaging analogue optoelectronic meter. It 

can measure total flux of image of pinhole target well, but its use is not convenient due to 

necessity of time consuming positioning/focusing of the meter relative to screen of tested II 

tube. In such a situation, it is attractive to replace the non-imaging optoelectronic meter by a 

modern digital camera to capture sequence of images of tube screen and carry out analysis of 

temporal changes of brightness of pinhole image using modern software (Fig. 8). Such 

modern imaging tools enables easy positioning/focusing of camera working as the 

optoelectronic meter. Software can precisely locate image of the input pinhole and calculate 

both DC and rms components of temporal variations of flux of this image needed by (1) to 

calculate SNR.  

 

a)  b)  

Fig. 8. Computerized station for testing IITs: a) block diagram, b)  photo of exemplary test station [22]. 

Such computerized methods can generate result identical to MIL original methods, if linear 

imaging cameras are used and proper temporal filtering is achieved: 

1. low pass filter of noise equivalent bandwidth equal to 10 Hz, 

2. high pass filter to simulate performance of old RMS meters used in SNR tests stations.  

Both filters can be achieved by Fourier transform of captured temporal profiles of 

brightness of pinhole target/background and later modification of this transform to desired 

form. 
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8. Non MIL methods 

Non MIL methods are methods of SNR measurement that do not use typical MIL 

measurement principle: projection of image of single pinhole and analysis of temporal 

variations of flux of this pinhole. In author opinion, there is at least one such a method that is 

practically used.  

This non MIL method can be called uniform photocathode method. This method is based 

on idea to illuminate uniformly photocathode of tested II tube and carry out analysis of 

temporal variations of brightness of a small part of screen (pinhole 0.2 mm) in order to 

calculate SNR.  

Modified (1) is used to calculate SNR as ratio of S and N that are signal/standard deviation 

from total flux of 0.2 mm circle of location at centre part of screen of II tube. 

 

 

Fig. 9. Magnified image of tube screen during SNR measurement using uniform photocathode method. 

Simplicity is a big advantage of the uniform photocathode method. No need to project 

image of pinhole target (no projection optics). No need to for precise alignment of the 

measuring pinhole with the image of input pinhole. It is also possible to carry out the analysis 

of temporal variations of the array of circles in order to reduce random error (see array 

pinhole method). Implementation of uniform photocathode method is easy when using digital 

camera for image analysis.  

However, this method generates results that are significantly higher (25-50%) comparing 

to original MIL method. In addition, ratio of results generated by both methods vary from 

case to case.  

The uniform photocathode method is supported formally by Russian standard [7] and has 

some local popularity (Russia and some Asian countries) due to its simplicity.  

9. Reproducibility of SNR measurement 

Previous sections present a series of technical factors that reduce reproducibility of SNR 

measurements carried out by different test teams. These sections present also rough numerical 

evaluation of maximal difference of SNR result generated by these factors. Detail list of 

reproducibility factors with estimated max change of SNR results they can generate is 

presented in Table 2. 

Two important conclusions can be obtained on basis of data in Table 2. First, total max 

relative difference of SNR measurements obtained by different teams can be very high: 60%. 

It is correct that this is the worst case scenario of low probability. However, if we assume 

Gaussian distribution at 3σ limit then we obtain standard deviation σ at 10% level. It suggest 

that differences between different teams in range ±10% should be common. This prediction is 

confirmed by present day reality when SNR data delivered by different labs is compared. 
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Table 2. Reproducibility factors  

No Factor Estimated max relative difference [%] 

1 Spectral band 2% (section  5.1) 

2 Source color temperature 2% (section 5.2) 

3 Neutral filter 4% (section 5.3) 

4 Illuminance photocathode 3% (section 5.4) 

5 Diameter of measuring pinhole 10% (section 5.5) 

6 Frequency spectrum of opto-electronic meter 14% (section 5.6) 

7 Modified test conditions in MIL equivalent methods 10% (section 6.1) 

8 Modified K factor 15% (section 6.2) 

 Total max difference 60% 

 Standard deviation (Gaussian distribution at 3σ limit) 10% 

 

Second, the eight reproducibility factors listed in Table 2 can be divided into two groups: 

1) non perfect technical design of test station (no 1-4), 2) differences in measurement method 

used by different teams (no 5-8). Influence of non perfect design (max relative difference 

11%) is several times smaller comparing to influence of differences in measurement method 

(max relative difference 49%). The final conclusion is that improved precision standard 

accepted worldwide is urgently needed in order to improve present day poor reproducibility 

of SNR measurement of IITs. 

10. Systemic reasons of poor reproducibility 

In addition to a series of technical reasons of poor reproducibility discussed in previous 

section there are also some systemic reasons that amplify technical problems. 

In author opinion there are four main systemic reasons: 

1. Limited specialized literature, 

2. Technical limitations of low light photometry, 

3. Variable design of equipment for testing IITs, 

4. Domination of industrial centres.  

10.1. Limited specialized literature 

Testing of IITs has received very little attention from international scientific community 

comparing to interest in testing thermal imager. What is even more important, there are no 

widely disseminated books presenting parameters, test methods, test equipment, evaluation 

methods needed for testing and evaluation modern image intensifiers. 

The main reason is a fact that demise of analogue imager intensifier technology it has been 

predicted at least three decades ago. This demise has not materialized but has diminished 

significantly interest of scientific institutions in this technology. In contrast to hundred papers 

related to testing thermal imagers papers devoted to testing IITs are rarity. 

It should be also noted that majority of recent scientific papers on testing image intensifier 

tubes are written by authors from Chinese scientific institutions who entered this technology 

too late to set internationally valid testing rules. 
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10.2. Technical limitations of low light photometry 

As mentioned in Section 2 calibrated light source of 2856 K colour temperature capable to 

create illuminance of tube photocathode at level of 10-5 fc (0.108 mlx) is needed in systems 

for measurement of SNR.  

It can be surprising for many readers but calibration of such light source is a challenge for 

manufacturers of systems for testing IITs for two main reasons.  

First, great majority of national metrological institutes offer calibration of illuminance 

meters only at range over 10-2 fc (0.1 lx) when meters of three decades higher 

sensitivity (10-2 fc) are needed. This situation is valid even in case of well known national 

metrological laboratories [31]. Therefore, manufacturers of equipment for testing 

NVD/II tubes use indirect calibration of their light meters. In this way, they can still claim 

that the calibration is traceable to national metrology institutes, but it is a not a direct 

calibration by national metrology institutes. 

Second, photometric labs worldwide offer measurement of colour temperature of halogen 

light sources. However, such measurement is typically done only at visible 

band (400-750 nm) when IITs are sensitive up to 950 nm (or 1200 nm for newest IITs). 

Practically it means that spectrum of light sources can differ from required one at 

800-950/1200 nm band where tubes are most sensitive.  

10.3. Variable design of equipment for testing IITs 

There are at least six manufacturers of systems for testing thermal imagers. However, 

structure and measurement methods of such test system are basically the same. Further on, 

commercial test systems are used in mass by manufacturers of thermal imagers. 

Situation on market for equipment for testing IITs is different. There are two main 

manufacturers of commercially available quasi universal modern systems for testing 

IITs [22, 32]. However, majority of test systems used world wide are specialized (one 

parameter - one station) systems developed by manufactures. Great majority are old 

customized test systems of age at least 20 years. There even operational systems of age up to 

40 years. Further on, manufacturers often use old reference IITs to calibrate present day test 

systems. Such a situation creates automatically high variability of measurement results from 

test equipment designed by different team at different time periods due to different design or 

different calibration standards.  

10.4. Domination of industrial centres 

In contrast to thermal imaging both image intensifier technology/metrology has been 

developed not by scientific institutes but by commercial companies. The latter ones have a 

natural tendency for secrecy and unwillingness for publication of results of their work or 

cooperation with competitors to develop common test methods. 

In addition, IITs are dual use products. This character increases secrecy on matters of 

manufacturing and in lesser degree also on testing IITs. 

11. Future improvements of standardisation of testing IITs 

Previous sections of this paper present a series of reasons that create strongly pessimistic 

overview of present day status of image intensifier metrology in field of measurement of a 

crucial parameter like SNR. The positive news is that a new NATO scientific group has been 

founded recently [33]. The group main task is to improve standardisation of testing of image 
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intensifier tubes and night vision devices. Therefore, it can be expected that in near future 

measurement of SNR of image intensifier tubes shall be fully standardised and 

reproducibility/accuracy of measurements of this important parameter shall be improved 

worldwide.  

It should be also noted that present day metrologic chaos is a real problem only for 

international scale. Locally – only a minor technical problem. The reason is that in most 

technologically advanced countries there is typically one government authorised centre that 

do testing IITs and generate results that are accepted locally. This system enables to keep 

quite good local reproducibility of measurements of SNR parameter of IITs but is a bad 

solution globally. 

12. Conclusions 

This paper presents a review of a series of slightly different measurement methods of SNR 

of image intensifier tubes. The paper explains that significant differences between 

measurement results obtained by different test teams (differences at level of 20% or more) are 

caused mainly by metrological chaos due to poor standardisation of testing of IITs and not 

due to technical limitations of modern test stations. Therefore, significant improvement in 

field of standardisation of measurement of the SNR is urgently needed in order to enable 

improvement of reproducibility and accuracy of measurement of this important parameter of  

IITs. 

References 

[1] MIL-I-49453 CR, Image intensifier assembly, 18 millimiter microchannel wafer, MX 10130/UV, (1989). 

[2] MIL-I-49052F, Image intensifier assembly, 18 millimeter microchannel wafer, MX-9916/UV, 1992 

[3] MIL-I-49428, Image intensifier assembly, 18 mm, microchannel wafer mx-10160/avs-6, (1997) 

[4] MIL-PRF-A3256363C(CR), Image intensifier assembly, 18 mm, microchannel wafer, MX-11769/UV, 

(2004) 

[5] DRAFT MIL-PRF A3314408, Industry Review, Performance specification: image intensifier I², Industry 

communication, (2019)  

[6] GJB 2000A-2020,General specifications for image intensifiers (2020) (in Chinese) 

[7] ГОСТ 21815.19-90, Преобразователи электронно-оптические. Методы измерения отношения сигнал-

шум (in Russian) 

[8] https://www.exosens.com/products/image-intensifier-tube-4g, (2026) 

[9] https://darqindustries.com/blogs/information-resources/l3harris-tube-breakdown, (2026) 

[10] https://katodnv.com/eng/catalog/image-intensifier-tubes/432/, (2026) 

[11] https://www.hamamatsu.com/resources/pdf/etd/II_TII0007E.pdf, (2023) 

[12] https://steeleindustries.com/image-intensifier-

specifications/?srsltid=AfmBOopx1xR7PXo19kA0m5v6fcjHNLxhhC94fLF9D-EMVJYcKg0wBQL6, 

(2026) 

[13] Liu, B., Zhou, B., Gao, Z., & Zhang, W. (2005). Research on testing output signal-to-noise ratio of image 

intensifier. Proceedings of SPIE, the International Society for Optical Engineering/Proceedings of SPIE, 

5638, 605. https://doi.org/10.1117/12.572331 

[14] Bai, X., Shi, F., Feng, H., Liu, R., Yin, L., & He, Y. (2011). Measurement and analysis of signal to noise 

ratio for image intensifier tube, 18mm microchannel plate. Proceedings of SPIE, the International Society 

for Optical Engineering/Proceedings of SPIE, 8194, 81941W. https://doi.org/10.1117/12.900343 

https://www.exosens.com/products/image-intensifier-tube-4g
https://darqindustries.com/blogs/information-resources/l3harris-tube-breakdown
https://katodnv.com/eng/catalog/image-intensifier-tubes/432/
https://www.hamamatsu.com/resources/pdf/etd/II_TII0007E.pdf
https://steeleindustries.com/image-intensifier-specifications/?srsltid=AfmBOopx1xR7PXo19kA0m5v6fcjHNLxhhC94fLF9D-EMVJYcKg0wBQL6
https://steeleindustries.com/image-intensifier-specifications/?srsltid=AfmBOopx1xR7PXo19kA0m5v6fcjHNLxhhC94fLF9D-EMVJYcKg0wBQL6
https://doi.org/10.1117/12.572331
https://doi.org/10.1117/12.900343


Metrol. Meas. Syst., Vol. 33 (2026), No. 1 

DOI: 10.24425/mms.2026.158366 

[15] Bai, X., Yin, L., Hu, W., He, Y., & Wang, F. (2013). Analysis of output signal to noise ratio’s uniformity 

for low light level image intensifier assembly. Proceedings of SPIE, the International Society for Optical 

Engineering/Proceedings of SPIE, 8908, 89080Q. https://doi.org/10.1117/12.2032712 

[16] Shi, J., Li, H., Cui, D., Cao, F., Sun, Y., & Xie, Q. (2010). Study on a novel illuminance calibration method 

for signal to noise ratio measurement of image intensifier. Proceedings of SPIE, the International Society 

for Optical Engineering/Proceedings of SPIE, 7855, 78551E. https://doi.org/10.1117/12.868452 

[17] Qian, Y., Chang, B., Tong, M., & Liu, L. (2003). Frequency spectrum measurement of noise image 

intensifiers. Proceedings of SPIE, the International Society for Optical Engineering/Proceedings of SPIE, 

4796, 100. https://doi.org/10.1117/12.450856 

[18] Bai, X., Yin, L., Hu, W., Shi, F., Hou, Z., Shi, H., & He, Y. (2012). Research on voltage characteristic of 

the third generation low-light-level image intensifier tube’s output signal to noise ratio. Proceedings of 

SPIE, the International Society for Optical Engineering/Proceedings of SPIE, 8419, 84192X. 

https://doi.org/10.1117/12.975774 

[19] Bhasin, I. J., Goyal, N. K., & Jain, V. K. (2004). Electrooptical Evaluation Techniques of Image Intensifier 

’Ibbes - Part I. Defence Science Journal, 54(2), 199–208. https://doi.org/10.14429/dsj.54.2033 

[20] Liu, Y., Ma, Y., Jiang, J., & Shi, J. (1996). Comprehensive test of low-level-light image intensifiers 

Proceedings of SPIE, the International Society for Optical Engineering/Proceedings of SPIE, 2899, 550–

561. https://doi.org/10.1117/12.253086 

[21] Bender, E. J., Wood, M. V., Hosek, D. J., & Hart, S. D. (2013). Characterization of domestic and foreign 

image intensifier tubes. Proceedings of SPIE, the International Society for Optical 

Engineering/Proceedings of SPIE, 8706, 870607. https://doi.org/10.1117/12.2015462 

[22] Image intensifiers. (n.d.). https://www.inframet.com/image_intensifiers.htm 

[23] FSQ-OD300 Neutral Density Filter. (2025). https://www.newport.com/p/FSQ-OD300 

[24] Agilent HP 3403C True RMS Digital Voltmeter 

[25] HP 3403A True RMS Voltmeter  

[26] Eschard, G., Polaert, R., & Roaux, E. (1974). Comparison between two methods of SNR measurement of 

image tubes. Applied Optics, 13(10), 2187. https://doi.org/10.1364/ao.13.002187 

[27] Pollehn, H. K., Dateno, W. A., & Stefanik, R. J. (1977). Objective Evaluation Of Noise And Image 

Characteristics Of Image Intensifier Tubes Proceedings of SPIE, the International Society for Optical 

Engineering/Proceedings of SPIE, 0098, 89–95. https://doi.org/10.1117/12.955290 

[28] MIL-STD-1858 – Performance parameters of image intensifiers, 1981  

[29] Chrzanowski, K. (2015). Review of night vision metrology. Opto-Electronics Review, 23(2). 

https://doi.org/10.1515/oere-2015-0024 

[30] Desjardins, D. D., & Hopper, D. G. (2002). Military display market: third comprehensive edition 

Proceedings of SPIE, the International Society for Optical Engineering/Proceedings of SPIE, 4712, 35–47. 

https://doi.org/10.1117/12.480944 

[31] https://www.npl.co.uk/products-services/optical/photometry, (2023) 

[32] Hoffman Engineering. (2024, December 2). Home - Hoffman Engineering for LED Aircraft lighting and 

marine lighting. Hoffman Engineering for LED Aircraft Lighting and Marine Lighting. 

https://hoffmanengineering.com/ 

[33] NATO STO SET RTG-346: Standardization & Modernization of Night Vision Device Testing - Royal 

Military Academy 

 

Krzysztof Chrzanowski received his 

Ph.D., and D.Sc. both in electronics, 
from the Military University of 

Technology in Warsaw, Poland. He 

works currently as Professor at this 
university. His main scientific interests 

include system analysis, 

characterization, testing and computer 
simulation of electro-optical 

surveillance systems (thermal imagers, night vision devices, 

VIS-NIR cameras, SWIR imagers, laser range finders, laser 
designators, fused imagers, multi-sensor surveillance systems). 

He is an author or co-author of over 150 scientific papers and 

conference communications. He is also the CEO of a high-tech 
company that manufactures equipment for testing electro-optical 

imaging and laser systems (Inframet, www.inframet.com). 

 

https://doi.org/10.1117/12.2032712
https://doi.org/10.1117/12.868452
https://doi.org/10.1117/12.450856
https://doi.org/10.1117/12.975774
https://doi.org/10.14429/dsj.54.2033
https://doi.org/10.1117/12.253086
https://doi.org/10.1117/12.2015462
https://www.inframet.com/image_intensifiers.htm
https://www.newport.com/p/FSQ-OD300
https://doi.org/10.1364/ao.13.002187
https://doi.org/10.1117/12.955290
https://doi.org/10.1515/oere-2015-0024
https://doi.org/10.1117/12.480944
https://www.npl.co.uk/products-services/optical/photometry
https://hoffmanengineering.com/
https://hoffmanengineering.com/

