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ABSTRACT

Night vision equipment is crucial in order to accomplish supremacy and safety of the troops on the battlefield. Evidently,
system integrators, MODs and end-users need access to reliable quantitative characterization of the expected field
performance when using night vision equipment. The Image Intensifier tube is one of the most important engines driving
the performance for night vision equipment. As a major tube manufacturer, PHOTONIS has investigated the link
between its products physical design parameters and the actual end-user field performance. The developments include 1)
an end-to-end performance measurement method and test facility, 2) an image-based night vision simulation and 3) a
range estimation model. The purpose is twofold: i) being able to support the need of the integrators and end users, and ii)
further systematic improvement of night vision equipment design. For the end-to-end test, PHOTONIS and TNO
cooperated in the implementation of the TOD (Triangle Orientation Discrimination) test for night vision equipment. This
test provides a clear and rigorous ranking of the products with respect to their target acquisition performance level. With
respect to the image-based simulation, PHOTONIS performs physical and performance comparisons between artificial
and real imagery, promising exciting further development of a model based on the merging of the different approaches of
night vision evaluation and modellinth this paper, we present the PHOTONIS night vigiest laboratory, provide

TOD results for a set of night vision devices and show range prediction examples.
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1. INTRODUCTION

As an imaging sensor manufacturer, the Photonis company has a continuous interest in foreseeing the night vision
devices field performance embedding state-of-the-art Image Intensfiietulfles or new digital sensors solutions
(ICMOS, Low Noise CMOS, EBCMOQOS). The major concern is to focus on the end user: what is the link between sensor
performance increase and soldier task improvement. A task to predict sensor field performance is to collect end-to-end
performance data such as a set of Minimum Resolvable Contrast (MRC)*cimvéese tests, the observer task is to
determine the lowest contrast at which a test pattern of certain size or spatial frequency can be resolved with the
equipment under test. The test is repeated for a range of test pattern sizes and — in the case of night vision devices- for &
range of light levels. The curves can be used to predict range performance with the sensor under operational
circumstances. The test needs to be performed under well-defined and controlled conditions and special care needs to be
taken to minimize the effect of subjective observer criteria. For these reasons, a rigorous bias —free protocol with human-
in-the-loop is needed.

At Photonis, a number of range tests were implemented in the past few years in order to build the company own range
model. The USAF target téss the most commonly used. The test is very simple, but it has proved to be not capable to
demonstrate current improvements of recémtt IPhotonis. Therefore Photonis has decided the experimentation and the
implementation of a “forced-choice” test, the Triangle Orientation Discrimination (T@®}hod, which produces
satisfactory results, very sensitive fphrameters change.

In the goal of having a reliable range performance test, Photonis put in place a test setup with a TOD test in
collaboration with TNO institute. The goal is to assess the low light performance of different night vision devices,



including both conventionaf end CMOS based Photonis products. After consulitNp in 2012 all recommendations
were applied and these led to the tests and redrgtzibed in the present paper.

The paper is organized as follows. In Section 2etailed description of the experimental setyprdsvided. This section
also includes the sensors from two groups : thubed from the standard Photonis group productdgtiortand one
ICMOS sample. This illustrates the ability of th©D method to cover both conventionaland digital night vision
devices. Section 3 shows the TOD measurement sefeulta broad range of night levels and all foemsor types. In
Section 4 we discuss the results, illustrated witme range predicition examples and present thanfalp that will be
conducted to further characterize all Photonis uative night vision equipment.

2. EXPERIMENTAL SET UP

2.1 Test devices
2.1.1 Image intensifiers ()

Three different tubes that are representative HerRHOTONIS company portfolio were submitted to tiet. Table 1
presents the main physical parameters definingvieall performance of these image intensifieetibSignal to Noise
Ratio (SNR) and Limiting Resolution (LR). As defthe the MIL specifications, SNR quantifies the tearal noise of
an image when the photocathode is illuminated lighd source at 108ulux and at a color temperadfi2856 +/- 50°K.
SNR is measured over a maximum 200um diameter dpatigh a 10Hz electronic bandwidth filter. Thmiting
resolution (LR) quantifies the maximum spatial fregcy in Ip/mm seen by the observer when lookimgugh a 10x
magnifying ocular at a optimum input illuminatioim practice several millilux). they. One can deras&igure of Merit
(FOM) that is equal to SNR times LR.

Table 1 : Signal to Noise Ratio (SNR) and LimitiRgsolution (LR) of the threé uised in the test

Product Specified SNR | Measured SNR Sp((leg/l:“lnerg)LR Me(?s/l;r](:]j) LR Mltzelrgi]tu(rlgool\jl)
SuperGefi 18 min 19 51 min 54 1020
XD4™ 20 min 22.3 60 min 64 1430
XR5™ 25 min 26.7 64 min 66 1760

Each f was mounted in an identical monocular, havingpicgl FOV of 40° and /1.2 aperture . The tubesenset at a
luminous gain of 13000 cd/m?/lux and at a maximuwitpat brightness of 6 cd/m2. Maximum output brigtss is then
reached at a photocathode illumination of arour@H@x.

2.1.2 Intensified CMOS (ICMOS)

The test set is completed by an ICMOS embeddingd"™ and a 1” format 1.3 Mpixels CMOS sensdrahd CMOS
are optically coupled with a optic fiber bundle.eTresulting digital night vision (NV) sample senfes a preliminary
comparison to the conventiondl test set. The ICMOS was equipped with a 25 mmlfteagth lens, with /1.2
Numerical Aperture (Lensagon CHS25095), thus dioing no bias in the comparison of standard amgitadi
technologies (same FOV, same NA).

2.2 Photonis test dark room

In 2010, Photonis built a dark room for testinghtigision equipment within a controlled environmelttis 4 meters
wide and 13 meters long and fully dressed withlblothes in order to reach the full darkness. @a side of the room,
observers can look through night vision devices seel a complete set of charts, placed at the sttierof the room.
Distance between sensor and targets can vary bet8/egeters and 12 meters. Illumination is fixedhitgato a remote
controll and periodic monitoring whether the ambigght (illumination and spectrum) is correct.

lllumination at five night level ranges is provideg 5 tungsten halogen light sources, at a fixddrcemperature of
2856 +/- 50°K, diaphragmed such that they projeetdesired illumination level on the targets withad uniformity.
Sources are placed at 9.50 m distance from thdaegits described in section 2.3. The five rarsgebthe illumination
levels on the test charts used during the tegpreméded in Table 2.



Table 2 : Moon phases of the five standard nigiglkeillumination ranges and real illumination l&ssased in the tests

Designation Night Level 1 | Night Level 2 Night LeveB Night Level 4 Night Level 5
Light source Full moon Half moon Partial moon Clear Starlight | Overcast Starlight
llluminationRange| 40-1000 mlux 10-40 mlux 2-10 mlux 0.7-2 mlux 0-0.7 mlux
Test Room

S 100 mlux 15 mlux 4.3 mlux 0.9 mlux 0.4 mlux
lllumination
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Figure 1. Overview of the test setup : on thedafe: general view of the test darkroom
On the right side: laptop with the keypress sofewnamning. The keypad is visible.

2.3 TOD test charts and Data Collection

According to the TOD guidelindsthe test consists of Visual Acuity (VA) and an@rast Sensitivity (CS)
measurements. Night vision VA and CS test chart® weanufactured based on the test charts desdmpétbgervorst

et al®. See Figure 1. Visual Acuity charts consist ofih8s with 8 triangle test patterns of fixed costrand decreasing
triangle size; Contrast Sensitivity charts consistL8 lines with 8 test patterns of fixed triangiee and decreasing
contrast.

The VA charts are available in two types startinthwlifferent triangle size, each of them printadtiree versions with
different triangle orientations in order to avoid$of knowing a chart by-heart. From the biggeanhgle, at each step
the size is decreased by 0.06 log units (i.e. 1iB 8tze) and each step is made of four dark trie;{flor negative
contrast) and four white triangles (for positiventrast).

The CS charts are available for nine trianglesssiZdree versions exist for each target size witfergnt triangles
orientations in order to avoid sequences learninthb testers. Target contrast on the charts deedsed from highest to
lowest contrast in 0.10 log unit steps (i.e. 25%adntrast).

L -L
Contrast is defined a€ = tL—b,
b

where L, = the luminance of the test target, andhe luminance of the background.

Note: special care needs to be taken to correbtiyacterize the test charts fédevices as they are sensitive in the Near
IR region, outside the visual region for which gt contrast has been defined. For details witheet to the test chart
reflective properties and the resulting test pattmmtrasts in the visual and Near IR region werrtf the Appendix.
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Figure 2. Examples of the TOD test charts proddcethe test campaign

2.4 Observer tests
2.4.1 Observer task

The task in the TOD test is to judge the orientatidpex Up, Down, Left or Right) of the triangles the test chart. It is
mandatory to respond to all selected triangleshéfvene is unsure. This so-called forced-choicecpdure eliminates
observer bias.

For the conventional’ltubes, the observers were seated on a chair,nigakirough the monocular and holding the
monoculars in one hand. A keyboard was used byother hand to record the TOD responses. Smalksyasic
movement of the sight allowed the observers to@atrthe interesting detail from the image noise.

The experiments with the ICMOS camera were perfdrrofline on recorded material. During the recogdinthe
ICMOS camera was placed on rail with a linear ta@tien stage. Frames were grabbed during a detiredlation for
avoiding any aliasing. Contrast enhancement byogiaim stretching was fixed and identical for ak thbservers.
Images were displayed on a LCD llyama 24" Proi@2407HDSD Screen at a frame rate of 50 imagesqoensl. A test
session covered one device tested at a given aightook about 1 hour.

The observers responses were collected by a keyprea Photonis GUI installed on a laptop. Itsexecreas hidden to
avoid parasite light to interfere with the testeTdbservers were asked to proceed with the chartios after the other,
pressing the key corresponding to the orientatigsi, ““down’,’right’,’left’ he thought to resolve. A the display was
hidden, a sound signal indicated the observerhbaldid not miss a triangle. The test was proceenhitl all 18 lines
were read or until the triangle discrimination seesrate was around 25%.

2.4.2 Test order

For each observer and each device, first all VAsusaments were carried out. The test was perfoahéuk five night
levels indicated in Table 2. For the darkest sdenat level 4 and 5, the test was realized astadce of 3 m and started
with the VA charts with the largest triangle si2é¢.night level 1, 2 and 3, the observers weretieddive meters away
from the target. At level 1 and 2, the format of YA chart was changed to start at a lower triasife, to take into
account the higher limiting resolution reachedsirch type of situation. Sensor Visual Acuity (VA)defined as the
reciprocal size threshold achieved by the equiproarthe VA Chart, and is expressed in reciprocgléar units (mrad

1).
From these data, VA thresholds for all light leviels negative and positive contrast test patterasevealculated using

the analysis procedure described in section 2.Bs@lthresholds serve as a baseline for the triaigge at which the CS
measurements need to be performed.

Next, all CS measurements were carried out, starfitom the largest triangle size available down the
negative/positive average threshold estimated S#atVA step. From these measurements, CS (orebiprocal,
contrast threshold) was calculated for negative @ositive test patterns at all sizes at all fieeells using the procedure
described in section 2.5



2.4.3 Observers

The test group was made of four male observers:HM, LC and SG, respectively 28, 46, 42 and 38 yedal. All of
them were tested and had normal or corrected tmalovisual acuity. They were all experienced imgsnight vision
devices.

2.5 Data analysis

The collected data consists of a relationship betwsuccess rate and stimulus strength (trianglprosal size or
contrast) for positive and negative test patteansafl devices at five night levels, i.e. for 2 *4 = 40 conditions and
for one VA test and a series of CS tests Accordinghe TOD guidelinds these data are fitted against a Weibull
cumulative function by maximizing the likelihoodtia The validity of the fit is statistically tesd with ay? tesf. The
stimulus threshold is computed from the Weibulbfitd corresponds to the 75% success rate. Figsine\8s an example
condition with separate Weibull fits for positivench negative contrast targets. The weighted log amesrover the
observers is taken as the threshold value. Nexigdoh condition the curve of the log contrastghodd vs. reciprocal
triangle size (in mrad) is least-square fitted against the polynomiathef lowest order that sufficiently describes the
data according to B-test’. Because the error in VA is in the size domainlevttie errors of the other thresholds are in
the contrast domain, the VA error is converted iatcontrast error by multiplying this value by #&imated slope in
the high reciprocal triangle size region. The ressate TOD curves and are presented in the grapBsdtion 3.
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Figure 3. Weibull psychometric function fit examibe a contrast threshold measurement with poséive negative targets.

3. RESULTS
3.1 Performance per device

In this section, the different results obtainedwitie four different devices are presented. Theexuare plotted for the
five night levels enumerated in section 2.3, exdepthe ICMOS which is not sensitive enough tofpen a TOD test
in the darkest situation (night level 5).

Figure 4 shows the results for the XKB5left graph) and XD%" (right graph), while Figure 5 provides the restitts
the Supergen® (left graph) and the ICMOS (rightpb)a Most curves are well-described by a lineaatrehship. The
curves roughly shift in vertical direction when tight level decreases.

The curves are plotted at each contrast polariparsgely, emphasizing a shift between negativeir(pdarves) and
positive (dotted curves) stimuli. Thresholds areidst for negative contrasts. This effect is paléicypresent for the
Image Intensifiers and is less visible for the ICB|(ossibly because the digital images were cdangrasanced before
being presentated to the observers.
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Figure 5. TOD Curve of the monocular integrated V@tipergen monocular (left) in night level 1 to 8 &or the ICMOS camera
(right) in night 1 to 4.

3.2 Comments on results: difference between devices pright level

All results are discussed on negative contrasteeamrks done between devices remain valid for pesitontrasts.
Comparison between negative and positive conteastavailable on Figure 4 and 5 above.

Night level 1
At the highest night level, performance is expedtetle resolution limited; this fact is verified tme TOD Curves (see

Figure 6)
XD4™ and XRS™ have a very similar limiting resolution (respeetiy 64 and 66 Ip/mm), their curve meet
while approaching the sensor visual acuity (VA).

The Supergen is clearly lagging behind this twaetubits VA on the negative chart is equal to Gré&ad” that
is to say 15% less than XB%4and XR3".

- The chosen ICMOS reaches lower VA performancedtse is 0.44 and 0.47 mrad
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Figure 6. Performance of XR5TM, XD4TM, SuperGen® &MOS at Night level 1.

Night level 2 and 3

Although night level 2 is still relatively highessor performance at this level is significantiwéo than at night level 1
(see Figure 7).

- For standard 12 monocular, the drop in performawih illuminance level is highest for the best penfing
tube:. To illustrate this, for negative VA chatetfall is 20% for the Supergen® (SNR=18), 13% ttog
XD4™ (SNR=20) and 7% for the XRY (SNR=25).

- The Supergen is firmly staying behind the XM4at both low/high contrast discrimination tasle tifference
between XDA" and XR5M are mostly apparant at the highest triangle recigrsize.

- ICMOS VA for the negative test pattern is compagatol acuity at the highest night level; contraststéevity
however decreases. VA for the negative test pattecreases by 15%.
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Figure 7. Performance of XR5TM, XD4TM, SuperGen® &MOS at Night level 2.

At Night Level 3, the conclusions made on nighele® are essentially remaining (see Figure 8):

- Conventional 12 are further losing VA performaneg3 % for SuperGen® and XD4 and -13% for XR5".

This suggests the impact of noise on VA. As a tesuibes with the best SNR have an advantage oivieg
small details in a darker environment.

- Supergen® is dropping out and clearly achievesefs performance than XB4XR5™.

- The ICMOS is behaving in a similar way as at the psevious night levels: its VA performance is nbanged

very much and the gap with the conventionnal tudegeases. Still, the system lacks capacity taidigtate
low contrast targets.
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Figure 8. Performance of XR5TM, XD4TM, SuperGen® #BNOS at night level 3.
Night level 4 & 5
At Night Level 4, Figure 9 (left side) leads to tledlowing observations:
- XR5™ siill shows an advantage to discriminate smalildeta low contrast targets

- Conventionnal 4 are losing performance -43% for XB5 -40% for XD4™, -21 % for Supergen®. It is
remarkable that Supergen® and Xt4show equal VA. This may be explained by the asitrand the
temporal noise density, killing the MTF differermea reciprocal triangle size close to up to 0.adhr
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Figure 9. Performances of XR5TM, XD4TM, SuperGen® &8MOS in night levels 4 and 5.

At Night Level 5, Figure 9 (right side) leads t@ tollowing observations:

At Night Level 5, XR3M still clearly shows VA advantage by only loosing?a VA performance from Night
Level 4 to Night Level 5

At Night Level 5, other 4 (both XD4™ and Supergen®) do not reveal any difference saliiely the
hypothesis that the most important limiting faci®the low output luminance and that SNR differerc@o

more revealed by the test. Also the difference thay occur at the low frequency MTF is also notvelg@same
limiting contrast)

4. DISCUSSION — ANALYSIS

4.1 Relation between f performance and TOD curves

As we defined at section 1, SNR and LR being thénmarameters for defining the performance leved, expect a
relationship between the intrinsi¢ performance and the TOD hierarchy. Moreover, inisstly interesting to pin out
what part of the TOD curve in which illuminationagher influenced by MTF/Resolution or by SNR.



The ability to discriminate small triangles is egfm to be linked to the LR/MTF performance: thghleir the LR/MTF,
the smaller the triangles that can be distinguislaed thus the higher VA. In addition, the ability distinguish low
contrast targets is linked to noise level: the bigthe SNR, the lower the expected contrast attwbhserver will be
able to discriminate triangles. In this way, exegcis to give an horizontal shift on TOD curveghe ratio of VA/LR

(VA/LR expected to be stable as higher VA is preddy higher LR) and a vertical shift in the ratfoContrast x SNR
(Contrast x SNR expected to be stable as lowerrasinthreshold is provided by higher SNR). In thizy, if TOD

performances is directly linked tbperformances, all curves shall be superimposed.

Figure 10 shows the results of the TOD curves caime for 3 main Night Levels for monocular intetyng XR5™,
XD4™ and SuperGen®.
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Figure 10. Rescaled TOD curves for 12 monoculardNight levels 1, 3 and 5.

It is noticeable that curves of the 3 performarieesls (SuperGen® to XRY) related to Night 1 and Night 3 conditions
enhance a good correspondance. That anticipatéadhthat range will be strongly linked to tHepkerformances. It also
again illustrates the accuracy of the psychophysiemsurement of the TOD data.

At Night level 5 the correspondence is less stramg:can see a systematic effect dfype here. This effect may be
ascribed to the low display luminance: Night leSatorresponds to 70 lux on thephotocathode corresponding to less
than 1 cd/rat the output. At this brightness level, performaigcalso limited by the human eye.

4.2 Contrast polarity results / Contrast definition

Looking at the measurement results, negative asifiy® contrasts show different TOD thresholdstfa F tubes at the
lowest light levels (Night Level 4 and Night Leve) and at any light level for ICMOS. Visual Acuity higher for
negative contrast test patterns which is directipficmed by the feeling reported by the observéisis result is
however difficult to interpret from sensor pointvaéw because one would expect to better resohieevitiangle with a
greater SNR onto grey background than a dark tiéaflgw SNR) onto the same background.

During the study the contrast definition has aleerbdiscussed. In the TOD guidelihé®e Weber contrast is used. An
alternative definition is Michelson’s contrast: :

- -L
c=—"—>= (Weber contrast définition) C = u (Michelson contrast definition)

b Le+ L,



where Lt and Lb stand repectively for Luminancehaf triangle and for Luminance of the background.

Weber contrast is the most appropriate to expressisual perception of a defined target on a bemkud level but the
Michelson contrast is often used ycommunity when dealing with Modulation Transfer Etion (MTF). The MTF

curve which is a crucial parameter for any imagiheyice, quantifies the modulation contrast degiadatThis

parameter is handled with Michelson contrast a®ject contrast. So the question raised duringsthdy, what is the
impact of those two definition when inserting th@séhe TOD results. The following curves give aample:

Comparison Negative(+]/Positive(”) triangle real XR5, Michelson Contrast Caynparison Negative(+)/Pasitive(”) triangle real XRS, Contrast=(Lt-Lb)/Lb
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Figure 11. Michelson vs Weber contrast comparieorXR5TM and Negative vs Positive contrasts

A 100% Weber contrast corresponds to a trianglegwnore luminous than the background, it correspaach much
lower Michelson contrast droping down to 30%. Theve lies automatically lower as Michelson ratidois definition
lower than Weber. As a surprise, one can see ltegbasitive are better resolved which is the ogpainclusion to the
other contrast definition. In addition, Michelsoontrast gives a larger difference between posdive negative but as
for Weber contrast, the two contrast polarity cergeem to meet at the low contrast/low recipragahgle size. In this
case (Lt<<Lb), both definition are consistent excefactor 2.

4.3 Range prediction examples

From the TOD target acquisition mofelfield range can be predicted from the TOD cuasea function of the target
size, the task level required (Detection, Recognitr Identification of the target) at a given pabbity, the visibility
through the atmosphere and the illumination leW&gure 12 shows an example:
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Figure 12. Tank ID Range prediction example for anannlar at Night 1

Range can be deduced as the intersection poinekattarget acquisition results derived from TODvearand the
target contrast at range. Other example can beeshbereby using the same protocol:

Table 3 : Tank ID range examples



Task Tank ID at Night Level 2 (15mlux on target)  Tank #DNight Level 4 (0.9 mlux on target
Equipement Monocular | Monocular | Monocular | ponocular Monocular Monocular
T™ ™ T™M ™
XRS XR4 SuperGen® XRS5 XD4 SuperGen®
Eval. Range (m) 140 130 110 52 48 30

With the following atmosphere and target acquisifi@rameters:
- Visibility = 1000m (just out of fog condition)
- Target contrast ~ 30% (chosen arbitrary)
- Target set and task = Tank ID (Identification) ealBability 0.75
- Characteristic dimensir 3.11m
- TOD magnifying factor M75'°= 8.8

Table 4 : Human activity (weapon / non weapon hdiggrimination range examples

Task Tank ID at Night Level 1 (100mlux on targef)  Tarkat Night Level 3 (4.3 mlux on target
Equipement Monocular Monocular | Monocular | ponocular Monocular Monocular
T™ ™ T™M ™
XRS5 XD4 SuperGen® XRS5 XD4 SuperGen®
Eval.Range (m) 52 47 41 33 30 25

With the following atmosphere and target acquisifi@rameters:
- Visibility = 1000m (just out of fog condition)
- Target contrast ~ 30% (chosen arbitrary)
- Target set and task = Weapon / non Weapon discaiimim at Probability 0.75
- Characteristic dimension12 = 0.25m
- TOD magnifying factor M7%'°= 2.4
4.4 Future progress

The next step in our research will be to extengivebt F with higher performance, with different setting3afn,
Maximum Output brightness) and other design charestics that one would expect to influence theeobesr task. For
instance, we are aiming at giving a precise figqureéhe cognitive advantage of the black and whitesphor (P45) that
Photonis developed on the recent Orfyx |

In order to use the TOD protocol in a systematit efficient way, Photonis is investigating a sauatwhose principle is
to dynamically project spectral images and/or mewie display with a preset spectral distributiatedlly we would

target to project the targets with a spectrum regmtative for the night spectrum of the 5 levetsrfrvisible to short
wave infrared. The system would be able to progeet fixed location on the screen all triangleeserequired to draw
the TOD curve. The generation of the sequence duailadaptative.

Finally, Photonis will use this extended resulttéatlase to continue and to complete the work domeitathhe range
prediction modelling as a tool for development ckaand benchmarking investigation.

5. CONCLUSION

Thanks to the collaborative work done with TNO ituge, Photonis shows in this paper that all mamgameans and
protocol are used to accurately apply the provercept of the Triangle Discrimination Orientatiosttenethod. A first
set of standardf land an ICMOS have been characterized and theemsits led to complete and reliable results fer th
main night level conditions. A good prediction bétrange performance can then be derived ancekpscted to apply
the same exercice for any other devices. Photeni®mstantely focused on customer expectationstrengurpose of
the paper was to demonstrate that the companylés tabsupport integrators and end users by progidest and
modelling tools (test means, method and range ledion) for field performances evaluation of nighision
equipements.
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Appendix: TOD test chart details

Charts were printed by an external professionaitericompany located in Brive, France, using pugABinkjet
printer, on Al isoformat. First, grey level pantographs were printed. This was used to match theahtuminance
curve with the digital grey level prescribed in fi@vided file. Charts were then generated usimgdalibration curve,
in such a way that the grey level background pisskeminance in the middle of the darkest and thétest stimulus
present on chart to yield +/-90% contrast on thedWArts.

Adopted convention is C= tLg)/L+ with L1,Lg representing the luminance of the triangle andhef background,
respectively.

Photopic contrasts were measured with a Minoltaibance meter (LS100 model) through a photopicrfilte

The high sensitivity of arfIdevice in the Near IR requires the characterimatibthe chart spectral reflectivity at both
the visual wavelengths (from 4000 — 7000 nm) are Kear IR wavelengths (from 700 — 1100 nm). Thectspk
reflectivity of the Charts with different ink detiss was measured with a spectrometer (Filmetr&s &halyser coupled
to Hamamatsu UV-VIS fiber Light source), The resate shown in Figure 13. The measurement showshiéhapectral
behavior in the NIR is not dramatically differenbrin the visual part. Nevertheless, the spectréatvity of the paper
is not perfectly flat and exhibits an excess in liv wavelength which will affect the contrast igtated over the
spectral range of thé.!
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Figure 13. Chart and ink spectral response (arkitrait)

Figure 14 shows the spectral response from Fig@rewkighted with the spectral sensitivity of thensa and the
emission of the light source (black body at 2856K)m these curves we can deduce the actual cantaasteen
throught the 12 devices. Examples are providedadhld@ 5. As we can see from this Table, spectraliygrated contrast
is about 0.6 times lower than the photopic congraetd this fraction is constant across the refiedevels.
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Figure 14. Integrated Spectral Response of the Charts

Table 5: photopic and spectrally integrated cotgrasthe test targets on the chart

Stimulus Photopic Contrasts Spectrally Integrated
Contrast

VA negative triangle -86 % -55 %

VA positive triangle 82 % 48 %

First Negative Contrasts on Contrasts Chart -59 % 36 %

First Positive Contrasts on Contrasts Chart 55 % %31




