Army’s Night Vision Integrated Performance Model (NVIPM)
NVIPM is not validated.

The current Future Command modelers have never explained why the Targeting Task Performance
(TTP) metric accepted by the Army to replace the Johnson Criteria has been dropped. Without
explanation, without any supporting experiment data, without citing any theory, and without being
open and transparent about their actions, the current Army modelers have dropped the validated
TTP and substituted the different metric in NVIPM.

We know from participants evaluating the NVIPM metric that validation failed. True, the Future
Command refuses to publish those results, so “proof” does not exist. However, the fact that no data
supporting NVIPM has ever been published is a certain indicator of NVIPM failure. Now, journal
articles are appearing (8-11) claiming that the validation of the original TTP, the validated TTP,
actually supports the failed NVIPM. How is that possible?

Although there are a number of problems with NVIPM, the most serious is the re-definition of
Contrast Threshold Function (CTF). The original TTP used the definition accepted by the vision
science community; CTF is the measured sine wave threshold using enough sine wave periods to
get a “single frequency” threshold value. Vision scientists have found that at least seven (7) sine
wave periods and perhaps as many as thirteen (13) are needed to get an accurate value.

The Army Future Command now use a modified CTF that depends on the angular size of the target
on the display. Whatever number of sine wave periods fits on the viewed target, that is the number
that determines threshold value. Why? The reason has never been disclosed by the Future
Command modelers.

After the change, all attempts at validating the modified TTP failed. The only recourse for the
current Army modelers is to falsely claim that the original validation of the TTP using the accepted
CTF definition now applies to their mutilated CTF. That false claim is now widely accepted by a
misled technical community.

Einstein said: “Explanations should be as simple as possible, but no simpler.”
We will try to explain what the Future Command has done.
Discussion outline:

e TTP metric fundamentals and validation.
e What the Future Command modelers changed.
e Validation data, or the lack thereof, for NVIPM.



The validated logic of the original TTP metric

The original TTP is a frequency domain model that compares eye threshold at each frequency to
the spatial frequency content of the target at each spatial frequency. See Reference 7. Eye threshold
is measured by vision scientists and called the Contrast Threshold Function (CTF). A single
frequency is a sine wave with infinite periods, but vision scientists have discovered that between
seven and eleven sine wave periods are enough to get an accurate threshold measurement.

Also, most researchers measuring CTF ensure that the eye is adapted to the display luminance, so
even given that eleven sine wave periods are presented, the display luminance is made the same
as the sine wave pattern over a large area.

The CTF of several people with good eyesight are measured one at a time at left below and the
average CTF used to represent the average soldier at right. That is, we represent the CTF of the
soldier at right with the measured sine wave thresholds. We have a typical observer with good
eyesight.

The soldier’s eyes adapt to the display even though he is fixating the tank. Luminance adaptation
does not occur only on a fixated object. The eye adapts to the display luminance, and the display
luminance establishes the threshold contrast values at each spatial frequency.

The tank is represented by the Fourier Transform of the tank or a set of vehicles is represented by
a Normal Distribution Crgt. TTP compares tank frequency content to frequency threshold of the
eye. Crar is target contrast, CTFsys is CTF adjusted for imager noise and blur, ¢ is spatial frequency,
low and cut are frequencies where Craris less than CTFsys.
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Note, after initially using what is referred to as a Target Transform Probability Function (TTPF)
that curve fits PID predictions to metric values, we finally realized that the error function (erf)
relates PID to metric value if the IQM is actually valid.



The importance of CTFsys is obvious, as is the importance of getting the mathematical description
of Crgr right. Since the TTP metric uses the standard definition of CTF, the literature contains
experiment data taken by independent researchers of the effect of noise on CTF of the naked eye.
We compared our CTFsys model to the data of independent researchers, and some of the results are
shown here. See [7] for details and additional examples.
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Note that the current Army modelers state that the TTP noise model is incorrect because it does
not predict NVIPM CTF behavior.. Of course not; NVIPM uses a non-standard definition of CTF.
We have validated our model to standard CTF data. The statements by current Army modelers that
our noise model is incorrect are baseless and outlandish.

We get naked eye CTF using Barten’s numerical CTF algorithm [13]. Barten’s algorithm is used
because an independent researcher[14] says it is accurate and easy to use, as long as the display
size and luminance are entered correctly. Our selection of Barten’s CTF numerical generator was
because it provides CTF of young people with good eyesight and is easy to use. Our selection of
CTF algorithm had nothing whatsoever to do with Barten’s IQM work. Any suggestion otherwise
is an attempt to distract and obscure the fact that NVIPM has no foundation in experiment or
theory. None.

Consider the two character sets in the next figure. The current Army modelers do not seem to
understand that these two types of target sets must be treated differently mathematically. The set
on the left is represented in the metric calculation by a Normal Distribution with an average
contrast, the set on the right is represented by the Fourier Transform of a rectangle. My point here
is that these modeling professionals (sic) have muddled many things, not all of which will be
covered in detail in this discussion. We call the character set at left diverse and the character set at
right specific.

See RHVElectro-Optics.com for more details on the differences between NVIPM and TTP.

TTP Validation Summary

Experiment details are provided in the references.



In [1-3], three experienced observers viewed Air Force 3-bar charts to establish limiting resolution
of image intensifiers versus chart illumination. The experiment used chart contrasts of 1.0 and 0.4.
Data were collected with and without laser protective eyewear situated between the goggle and
eye that reduced apparent luminance by a factor of ten. Light to the eye varied from as little as
3.4E-4 fL to 35 fL. Chart illuminance varied from 2.88E-6 to 3.39E-3-foot candles, and that
variation in illumination means that the image varied from noise to resolution limited.
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The figure below compares the original TTP PID predictions to data collected with various shape

blurs, contrasts, and noise levels. The subsequent figures show predictions for colored noise. See
[1-4].
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The graphs below show predictions for characters, faces, and shapes. We are particularly impressed
with predicting performance through spotting scopes and binoculars. The current modelers have
thrown away the performance in the graphs above and below. Why?

faces
12 characters 12 faces .
o 10 1.0 —_— 10 :
= 9 3 // o
0.8 o o
08 08
06 =—Model
¢ Data 0.6 —Model -
0.4 3 @ Naked eye (two sets) ’
0.4 Lo
02 Red Dot spot scope 04 - LMudL\ A
Trijinon spot scope ® Large photos at range
0.0 L 02 # Steiner Binoculars 0.2 Computer display with noise
0.0 0.1 0.2 03 0.4 0.0 ) Computer display various blur
TTP Value 1/meter 0 100 200 300 400 0.0
TTP Value 1/meter 0 100 TTZF(’)OV | 305/ :oo 500
alue 1/meter
shapes shapes
1.0 o 12 P . .
g g, Ciris Circle, Hex is Hexagon
0.8 : S P — X
ol Y ] BT . Octis Octagon
0.6 a Cir/Oct Data ’ I/
=Cir/Hex Model 06/
0.4
Cir/Hex Data 0.4 —Model Square/Hex
0.2 @ Square/Hec data
) 0.2 -=Model Oct /Hex
Data Oct/Hex
.0 5
*% 00 0.1 0.2 0.0
0.0 0.2 0.4
TTP Value 1/meter TTP Value 1/meter

The next graph shows recognition of armored tracked versus armored wheeled versus wheeled
trucks [3].
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The next two graphs show field test results using tracked tactial vehicles. Details are in [3]. Field
results are more accurate for reasons described in [25].

NVThermIP modeled thermal imagers and was part of a set of models that included an image
intensifier model. Over the last forty years, Army aviators have flown with imager intensifiers
(ANVIS) and both first and second generation thermal imagers [24]. The table shows TTP



predictions for pilotage utility and the results of pilot surveys. TTP predicts aviator experience
with pilotage sensors. This data for the original TTP and not NVIPM.
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Table 1. Aviator assessment of imager performance.

Sensor Condition TTP | Pilot assessment
ANVIS overcast starlight | 1.05 | Poor
ANVIS starlight 3.3 Fair
ANVIS Quarter Moon 5.8 Good
Ist Gen thermal 0.1 K scene 1.0 Poor
Ist Gen thermal 1.0 K scene 2.6 fair
1st Gen thermal 5.0 K scene 3.1 fair
21d Gen thermal 0.1K 2.4 fair

20d Gen thermal | 1.0 K 5.9 Good
28d Gen thermal 50K 6.7 Good

Alaising has been treated wrong since I and others made a mistake in the first sampling
experiments. I have not been able to get my coauthors to agree on the mistake, but the problem is
obvious and the solution published [15,16]. It is not possible to believe that aliasing does not
corrupt a picture, given any significant amount of alsising, that is.

In the picture below at top, a big blur is moved from the center of one pixel to the intersection of
four pixels, and the display result changes little, At bottom, a small optical blur is moved and the
change in display obvious. The idea that this behavior cannot affect PID is simply wrong. When
and how much can be calculated using the algorithms in [15,16]. The incorrect model used in
NVIPM is laeled EB and the correct model AAN. NC means no corection. The grpahs are exampes
of TTP AAN prediction accuracy, and more examples are presented in [15,16].
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Regardless of the many successful validation efforts, the Future Command modelers and their
management (sic) have dropped the TTP metric. They have never provided any explanation other
than a few words in NVIPM documentation where they present a misleading representation of
facial PID data.

NVIPM Validation Summary

The data presented above under the title “TTP” does not apply to NVIPM even though they ursurp
the TTP name. None of the references [1-7,15,16] refer to NVIPM even though some peer
reviewed journal articles would suggest otherwise [8-11]. The complete lack of anything to discuss
here is the result of the Future Command unwillingness to publish what they have learned, that
NVIPM is not an accurate predictor of anythng. All we can say is NVIPM is unvalidated, and that
negative statement is “proved” by the lack of evidence in support of NVIPM.

The Optical Engineerng paper [9] requires some discussion, simply because the reviewers and
editors let the authors claim things in the conclusion unsupported by anything in the paper.

First, the CTF experiment description clearly demonstrates the non-standard CTF used by NVIPM.
The authors state:

“The CTF is measured at each spatial frequency, &, using a displayed
sinusoidal stimulus pattern with an amplitude (Lp), a mean luminance
(LO), and a stimulus size defined by the apparent target angle (w)
equal to the square root of the target area in degrees.”

A one meter target at 1 kilometer viewed through a 10X spotting scope would subtend 0.57
degrees. The figure shows the ratio of NVIPM CTF to TTP CTF (TTP CTF is used by the vision
community). Note that at low spatial frequencies there are few sine wave periods in 0.57 degrees
and threshold are an order of magnitude high. The threshold of NVIPM CTF decreases as spatial
freqquency increases because there are more cycles to look at.



The point of the ratio of CTF plot is that metric calculation is very different for NVIPM than TTP.
The larger the target is on the display, the closer the NVIPM calculation is to the TTP calculation.
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Why NVIPM uses the non-standard CTF definition is not discussed in [9] or anywhere else.

The CTF experiment described in [9] is riddled with problems, but the authors do not claim that
the experment has any relationship to NVIPM, and they dismiss the CTF results themselves. Given
that the authors of [9] have not tied the work to NVIPM and have not used the results in any way,
it seems like describing our many problems with the CTF experimet simply wastes time.

The authors published the results of three of eightyone TTP experiments. They have the PID data
on all eightyone but have published the results for three. Why not credit at least those three
experiments as validation even though the errors are larger than the TTP predictions? Because all
three presented the targets with a four degree target angle. Those three experiments presented the
targets large enough on the display that the NVIPM CTF approaches the standard CTF. That is,
the current Army modelers have published only those NVIPM results where the model approaches
the TTP model. That selection of experiments makes our point, not theirs.

There is an unsupported statement in [9] that the original TTP has trouble with adjusting to
different target angles. Totally untrue. There are all kinds of target angles considering not just [4]
experiments but [4-7], [15,16], and the field test results over range. Again, the current Army
modelers make simple, declarative statements unsupported by any discussion or examples. There
are many other such statements in [9] and various conference articles over the years. Simple,
unsupported statements, all of which ignore TTP validation literture.

The authors of [9] describe a two-hand-hand-held PID experiment where they use the PID data to
calibrate a new empirical constant. The authors admit in the body of the paper that there are
unresolved issues with the noise model, but the point here is that no validation data was presented.
In the [9] conclusion, once again, simple declarative statements about how validated their model
is.

The NVIPM CTFsys model is complete nonsense and, of course, no data is or can be presented in
support of that model. The Future Command has published no validation of the NVIPM
predictions, although Optical Engineering editorial staff and reviewers have let them make
unsuppported statements in the [9] conclusions. Read the paper, it is not hard, there is nothing
there, and the confusing part is that the authors actually admit to serious, unsolved problems with
the NVIPM model, but the reviewers still let the future Command modelers claim success in the
conclusion section.



Conclusions

There is a long and successful history of TTP validation including predicting the CTF in noise data
of independent researchers, predicting PID of target sets of tactical vehicles, faces, characters, and
shapes. The fact that the erf function relates metric value to PID is an indicator of model viability
as is predicting the assessment of aviators about the performance of pilotage aids.

NVIPM does not use the TTP metric. We understand that the Army calls the metric in NVIPM
“TTP.” Doing otherwise would separate NVIPM for any semblance of legitimacy.

The Army has never explained the transition of their model away from TTP. They have published
no supporting data, no theory, and no explanation. At this point, it appears there is no stopping the
dishonest destruction of valid research by a disinterested and lazy Army bureaucracy.

Certainly Future Command management (sic) will do nothing, and clearly the current Army
modelers are getting their way with everyone in a position to do anything. Why is that? It appears
that no one really cares about these models or understands their value, but what caliber of techncial
community knowingly lets good work languish and sloppy work thrive?
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