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(ABSTRACT) 

Despite the widespread use of night vision imaging systems in today’s military, the 

problem of directly measuring the spatial frequency response of these systems has been ignored. 

Modulation Transfer Function (MTF) performance specifications have been extensively 

researched for the components of night vision imaging systems such as the lenses and the image 

intensifier tube. The current method for calculating the system MTF is to combine the MTFs of all 

the components of the imaging system. Little research has been performed to directly measure 

the MTF of the entire system. This thesis describes a method to directly measure the modulation 

transfer function for an AN/AVS-6 Aviator’s Night Vision Imaging System (ANVIS). This method is 

based on the traditional slit technique and uses a Photo Research PR-900 video photometer as 

the detector. Comparisons between the direct measurement and the component combination 

calculation demonstrate the accuracy of the direct measurement.
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1.0 Introduction 

Over the years, the military has been researching means to increase the performance of 

their ground troops, their armor troops, and their aviators during night missions. Battles are no 

longer fought exclusively during the day. Today’s military needs to effectively battle during the 

day or night. Since the 1960s, research has been undertaken to develop image intensifier 

systems that help create a daytime-looking image of nighttime scenes. An image intensifier is 

defined as a device that amplifies the available light energy (visible and non-visible) in order to 

form an intensified visible image. Several iterations of this image intensifier have been developed. 

The most recent iteration of image intensifier technology is the Generation 3 (3rd Gen) wafer tube. 

This tube is used in most high performance image intensifier systems in today’s military. Its ability 

to amplify the light of dark scenes outperforms any other means. These tubes are in ground, 

armor, and aviator systems. Such a system is the AN/AVS-6 Aviator’s Night Vision Imaging 

System (ANVIS). This system consists of two channels (binocular system) each containing an 

objective lens, image intensifier tube, and an eyepiece lens as seen in Figure 1-1 a. 

  

Figure 1-1 b. ANVIS mounted to an aviator’s helmet. 

Figure 1-1 a. ANVIS. 

The ANVIS easily mounts to the pilot’s helmet as illustrated in Figure 1-1 b. The pilot has 

the ability to flip the ANVIS up or down when he wants to use it. ANVIS allows pilots to operate



more proficiently in conditions that to the unaided eye, could be extremely dangerous. The 

system provides a forty degree field of view with unity magnification. It provides the pilot with 

20/40 vision on the Snellen acuity scale. 

ANVIS components have been extensively assessed, but there are few methods for 

scientifically assessing the system performance. This problem of adequately characterizing the 

performance of the system is typical in all vision systems including image intensifiers. Often the 

system has many performance specifications placed upon it to insure that it presents a “good” 

image to the user. Often, it is difficult to measure these performance parameters. No parameter 

has been defined as the “one” metric that a system must meet. However, one parameter that 

many experts believe provides the most utility in assessing visual performance is the modulation 

transfer function (MTF). MTF has two main advantages. First, it describes what is generally 

considered to be critical to an image, specifically the effect of spatial frequency on contrast or 

modulation. Secondly, it provides an analytical tool which permits the common evaluation of the 

imaging system and the user in the same units which are quantitative and well understood (1,75). 

MTF also provides the key advantage of the ability to predict in advance the system performance 

before a device is actually built. 

Several methods for measuring MTF have been developed for component level devices 

such as lenses. These methods include using an object such as a slit or a point and calculating 

the Fourier transform of the resulting image through the device under test. The normal procedure 

for measuring system MTF is to measure the MTF for each component and multiply each 

component MTF together to form the system MTF. This procedure is often time consuming and 

requires a separate test setup for each component. For many imaging systems, the ability to 

focus a detector at the output of the imaging system under test is difficult. This is why no method 

for directly measuring the system MTF for image intensifier systems such as the ANVIS, has been 

developed. This has created a void in the performance assessment of the ANVIS. The goal of



this research is to develop a measurement system that is capable of directly measuring the 

modulation transfer function for a completely integrated AN/AVS-6 Aviator’s Night Vision Imaging 

System. This measurement system would not only provide the military with the ability to directly 

measure system MTF, but also provide insight into the assessment of component level 

measurements. This measurement system will also serve as a prototype for a measurement 

system for any sensor/display imaging system. 

Chapter 2 discusses the concept of system MTF and its measurement. Chapter 3 

discusses the ANVIS by examining image intensifier technology. It looks at all of the components 

that make up the ANVIS image intensifier. Chapter 4 presents the proposed method for directly 

measuring system MTF. Chapters 5 and 6 discuss the experimental setups and procedure for the 

system MTF measurement. Chapters 7 and 8 discuss the results of the measurements.



2.0 MTF Theory and Discussion 

The goal of any optical system is to provide an accurate image of the object to the user. 

Ultimately, the information from the image of any optical system will be utilized by a human user. 

Therefore, most metrics for specifying optical system performance have the human eye in mind 

as the standard. Metrics must be developed to specify how well the system will provide the visual 

information to the human user. No one metric has been accepted as the “one” measure that all 

visual systems must meet. Specifications for optical systems often specify the contrast ratio, the 

limiting resolution, or the amount of distortion due to aberrations in the optics. Specifications often 

include performance requirements under certain environmental conditions such as light level. All 

of these metrics are good standards but sometimes are difficult to assess. The Modulation 

Transfer Function (MTF) is widely accepted for assessing imaging system performance. By use 

of the MTF, the limiting resolution, contrast, the amount of perceivable detail, and the sharpness 

of the image are specified in the entire spatial frequency domain (2,79). The MTF is the response 

of an imaging system to a variable spatial frequency, constant amplitude, sine-wave input. Ata 

particular spatial frequency, the MTF is defined as 

Bmax ~ Brin 
MTF = ----------------- , Eqn 2-1. 

Bmax + Brin 

where Bray and Bri, are defined as the maximum and minimum luminance values of the image of 

a sine wave pattern, as shown in Figure 2-1.
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(B) Output wave. 

For the input wave, the modulation is unity. If the modulation of the pattern is less than unity, the 

modulation transfer function of an imaging system is the ratio of the modulation in the image (M)) 

to the modulation of the input pattern (M,) (2,79), 

Mi Modulation in Image 

MTF = ----- =   Eqn 2-2. 

M, Modulation in Object 

2.1 Optical Transfer Function and the Derivation of the Modulation Transfer Function 

The image quality of an electro-optical system can be characterized by either the system 

impulse response or its Fourier transform. The impulse response h(x,y) is the two dimensional 

image formed in response to a delta-function object. A continuous object f(x,y) can be 

decomposed into a set of point sources, each with a strength proportional to the brightness of the 

object at that location. The image g(x,y) at the output of the system is obtained by superposition 

of the individually weighted impulse responses. This result is equivalent to the convolution of the 

object with the impulse response:



O(xy) = f(xy) @h(xy) Eqn 2-3. 

Although h(x,y) is a complete specification of image quality, additional insight is gained by 

use of the transfer function. Any object can be represented by a combination of its sinusoidal 

components. Transfer function analysis considers the imaging of sinusoidal objects, rather than 

point objects. Using the convolution theorem for the Fourier transform, the convolution of g(x,y) 

can be rewritten as, 

G(En) = F(E.n) * (En), Eqn 2-4. 

which is simply the multiplication of the corresponding spectra. The uppercase variables F, H, 

and G represent the Fourier transform of their corresponding time domain representation f (object 

spectrum), h (impulse response) and g (image spectrum). The variables € and n are spatial 

frequencies in the x and y directions. Spatial frequency is the reciprocal of the crest to crest 

distance of a sinusoidal waveform used as a basis function in the Fourier analysis of an object or 

image. Typical units of spatial frequencies are cycles per millimeter (cy/mm) when describing an 

image and cycles per milliradian (cy/mrad) when describing an object at a large distance. For 

objects located at infinity, these spatial frequencies are related by 

& [cy/mrad] = & [cy/mm] * f [mm] /1000 _, Eqn 2-5. 

where f is the focal length of the image forming optical system (3,32.3). 

The optical transfer function (OTF) is the H(é,n) transfer function. The OTF is usually 

normalized to have a unity value at zero frequency. The OTF is often a complex function with the 

magnitude of the OTF defined as the MTF and the phase portion defined as the phase transfer 

function (PTF). 

OTF(E,n) = H(E,n) = |H(E,n)| *eP EO” Eqn 2-6. 
MTF(é,n) = |H(E,n)I Eqn 2-7. 
PTF() = 6(6,n) Eqn 2-8.



MTF is the magnitude of the response of an imaging system to sinusoids of different 

spatial frequencies. The MTF is related to a contrast measurement by Equation 2-1. The MTF at 

a specific spatial frequency is a measure of contrast for that specific frequency. The limiting 

resolution (the ability to clearly resolve an object from its background) is the spatial frequency 

where the value of the MTF drops to a range of 0.05 to 0.02 (1,88). The spatial frequency at 

which the MTF drops to 3 percent, is widely accepted as the limiting resolution. The 3 percent 

point is based upon the ability of the human eye to resolve objects from any background. 

2.2 System MTF 

One of the advantages of using transfer function analysis for system measurements is the 

ability to multiply the responses of each component in the system to form the system transfer 

function. The MTF of the system 

IS(En)| 
MTF(é,n) = |H(E.n)| = ---------------- ; Eqn 2-9. 

IF(E.n)| 

is found by dividing the magnitude of the output Fourier response by the magnitude of the input 

Fourier response. Due to the linearity and superposition principles, the MTF for the entire imaging 

system, 

MTFeys = MTF eomp1 * MTF comp2 *----"MTFeompn 3 Eqn 2-10. 

is simply the multiplication of the MTF for each component of the system. Therefore, if the MTFs 

for all the system components are known, the system MTF can be calculated by Equation 2-10. 

This relationship is helpful when a direct method for measuring system MTF is not available and it



is possible to measure the MTF of each component. It is also helpfully for predicting which 

component of the system is degrading the overall system performance. 

2.3 General Concepts for Measuring System MTF 

Several methods for measuring system MTF exist. The major methods use a point, a slit, 

or a knife edge as the object. The setup is defined in Figure 2-2. 

COLLIMATED 
IMAGE OF OBJECT 

  

  

      

  

OBJECT/TARGET 

[___] []DETECToR 

SYSTEM 
UNDER TEST 

COLLIMATING 
LENS 

Figure 2-2. General Setup for MTF Measurements. 

The light source is used to illuminate the object. The object has a known Fourier transfer function. 

The collimating lens places the image of the object at infinity so that the measurement is defined 

for a specific distance. The detector is typically a Charge Coupled Device (CCD), a linear array, 

or some sort of staring array device. The detector converts the optical image to an electronic



image for Fourier analysis. The MTF analysis for the system must have compensation for the 

effects of the detector. This compensation is achieved using the relationship, 

MTF system = Measured MTF system using detector 

Eqn 2-11.   

Measured MTF getector 

Using the relationship in Equation 2-11, the MTF for the system under test can be obtained. 

2.4 Slit Method for Measuring System MTF 

The setup outlined previously including the light source, object, collimating lens, system 

under test, and detector is the correct setup for the slit method for system MTF measurements. A 

convenient method to approximate an ideal line source is to engrave a line through an opaque 

coating of aluminum on a glass substrate. The system under test is presented with an illuminated 

line source, which acts as a delta function in one direction and a constant in the other: 5(x)1(y). 

The system forms an image at the detector, the line response /(x), which is a summation of 

vertically displaced impulse responses. The measured line spread functions I(x) will resemble 

Figure 2-3. 
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Figure 2-3. Sample Line Spread Response. 

Source: Introduction to the Optical Transfer Functions, Charles Williams



The MTF is the magnitude of the Fourier transform of the line spread function. The slit method 

only provides the MTF profile for the one dimension Fourier Transform|I(x)] = OTF (&,0). To 

obtain other profiles of the OTF or MTF, the line source can be reoriented (4,55). 

Two other factors also play a key role in the accuracy of the slit measurement method; 

the focus of the system under test and the slit width. If the system is slightly out of focus, it could 

create large errors in the MTF measurement. Figure 2-4 illustrates this effect. 
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Figure 2-4. Effects of Defocus on the MTF. 
Source: Introduction to the Optical Transfer Functions, Charles Williams 

The curve 0 in Figure 2-4, represent the MTF of a system with the correct focus. Curves 1 

through 4 (curve 1 slightly out of focus, curve four greatly out of focus) are MTFs for the same 

system with the effects of defocus applied. Figure 2-4, clearly shows the importance of correctly 

focusing the system and the detector for accurate measurements. 

The second factor to insure accuracy is the slit width. If the width of the slit is too large, 

the slit will not approximate a delta function. Instead, it will approximate the rectangle function 

f(x)= rect(x). The Fourier transform of a rectangle function is a Sinc function (Sin &/ € ). This will 

10



force the MTF to behave more like a Sinc function. This will artificially increase the MTF as shown 

in Figure 2-5. 

  

0: 02 04 06 08 1 12 14 16 “2 22 24 

Figure 2-5. Large slit widths will cause MTFs that resemble the Sinc function. 
Source: Introduction to the Optical Transfer Functions, Charles Williams 

To preserve the integrity of the measurement, the slit width must be compensated by normalizing 

the measured MTF with the corresponding Sinc function. A simpler method is to use a slit width 

that is smaller than the system under test can resolve (4,270). This will create the situation where 

the slit approximates a delta function and no compensation for the slit width is required. 
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3.0 Discussion of Image Intensifier Technology 

In 1905, Albert Einstein theorized the photoelectric effect. His theory stated that when a 

photocathode, or negatively charged electrode, is exposed to electromagnetic radiation from an 

image whose wavelength is shorter than a certain critical value, the photocathode will emit a 

current of electrons that can be collected by a nearby anode or positively charged electrode 

(5,62). For many metals, this critical wavelength lies in the ultraviolet region of the spectrum, 

while for some substances it lies in the visible or near infrared region. The rate at which the 

charge is transferred is proportional to the intensity of the radiation. The concept of the image 

intensifier is based on the photoelectric effect. An image intensifier uses the photoelectric effect 

to convert streams of photons in electromagnetic radiation into streams of electrons. Amplification 

of an image is possible due to the charge on the electrons. In an applied electric field, the 

electrons are accelerated increasing their kinetic energy. This method increases the total energy 

available for forming an image by many times (5,62). 

A loose definition of an image intensifier is a device that amplifies visible and near visible 

(near Infrared) light into a brighter visible image (6,21.8). Since the early 1960s, research has 

been performed to develop image intensifier technology. Several generations of the image 

intensifier have been developed. To date, the most advanced image intensifier is the third 

generation (3rd Gen) wafer tube. The 3rd Gen tube is used in nearly every high performance 

image intensifier system. This tube is the heart of the AN/AVS-6 Aviator’s Night Vision Imaging 

System (ANVIS), which is the focus of this research. The ANVIS is a binocular image intensifier 

system as illustrated in Figure 3-1, that allows pilots to more effectively operate aircraft during 

night operations. 

12



  

Figure 3-1. Aviator’s Night Vision Imaging System (ANVIS). 

The ANVIS has the ability to effectively operate in light levels from 1 x 10° to 1 x 10° foot 

Lamberts (ft-L) which equates to conditions ranging from overcast to full moon nights. The power 

consumption is approximately 40 milliWatts which allows for operations on two “AA” batteries for 

more than 20 hours. The system has a 40 degree field of view with unity magnification. The 

system can be focused from approximately 10 inches to infinity. The minimum limiting resolution 

is 0.76 cycles per milliradian (cy/mrad) (7,4). This resolution is approximately 20/40 on the 

Snellen Acuity scale. This low resolution is primarily caused by the performance of the image 

intensifier tubes. Newer image intensifier tubes (Improved Resolution Wafer Tube (IRWT) 

discussed later) can provide system limiting resolutions on the order of 1.4 cy/mrad. 

The ANVIS binocular system consists of two channels (monoculars), each containing a 

3rd Gen image intensifier wafer tube, an objective lens, and an eyepiece lens as illustrated in the 

block diagram in Figure 3-2. 
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