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ABSTRACT

During the last decade, protection of civilian anititary operational platforms or vehicles agaitiseats has been
an issue of increased importancg.significant difference exists between warfareviasved ten years ago and the
nature of conflict today. More emphasis is beirgcpt on short range positive ID, wide field of resyaituational
awareness and quick reaction tim@&fe standard countermeasure is inadequate whescnompanied by a set of
efficient sensor. The sensor packages primarihsisting of an alerting device of four differentt@gtion steps:
pre-alert, giving the directions of possible attad&tection of an action of attack, identificatiohthe threat and
finally the precise localization (3-D). The desigf the alerting device is greatly depending oricWiit will be
used, the associated cost and the nature of teatthRecently the requirements for these sensoms bhacome
more and more stringent due to the growing numbscenarios. The attack can practically be from dingction,
implying the need for a large Field of Regard, #itack range and the type of threat can vary cenzily.
Especially the localization at short ranges isallehging issue which can be addressed by an gpthpanoramic
imager. The new panoramic IR panomorph lens imagmsidered, and evaluated at ImmerVision is gl
for integration on various platforms. This innovatipanomorph approach provides enhanced performaitoe
better pixel/cost ratio by providing an increasesotution in the zone of interest. The IR panorhdrspsed sensor
is as an aberration-corrected hemispheric imager avcustom lens designed to match the resolutiedR camera
(MWIR-LWIR) with improved image quality , field cevage and resolution for target detection, clasdion,
and tracking. Various configurations and scendriokiding advantages and drawbacks are discussed.

Keywords: Surveillance, security, panoramic, ingelht video, wide-angle lens, IR, pixel optimizaticituational
awareness, vehicle protection, video data fusion

1. INTRODUCTION

Situation awareness is an important element ofrggcuThe capacity to immediately respond to & fasanging
environment is the result of surveillance of sunding areas, and surveillance is based on the \odusem of
various parameters of the environment. The observis achieved using specific electro-optic sessmcluding
visible, near-, mid- and far-infrared as well asaiviolet®. While the visible/near-IR camera is certainlyeaf
the most popular EO sensors for surveillance bec#@ugrovides the most life-like results, the thatrimagers
become essential because it has the ability teegaituation awareness when the vision is typicatisnpromised.
The sensing capability of thermal imaging providésar images in total darkness, through smoke sloadd
through haze and fog. Consequently, the thermalyenis an effective means for performing a covetal
assessment.

However unless many imagers are used in combinatigdifficult to achieve 100% area coverage %06f the

time. Such a solution necessarily means high ewst,difficult installation problenis A different solution was
suggested by using a step-stare type concept mutriherently limited to long revisited times. @ning system
using wide field of view (WFOV) forward looking irdred (FLIR) camera for scanning large field ofarebwith a

narrow FOV (NFOV) FLIR used for high resolutiondking and surveillance can also be considered.imgach

system architecture is still limited to slow scates and long revisited times.

For critical infrastructures as well as situatiomageness, the next generation of surveillance systdl have to
cover the following items:

Foul weather capability



Darkness and night time detection

Determine exact location of breach

100% coverage, 100% of the time

Limit the false alarms due to machine error andrajoe error

Manage the voluminous amounts of data capturedubyenous imagers and sensors

Panoramic imaging is of growing importance in manyveillance programs around the world. While puiity
valued for its ability to image a very large fiatlview (180 X 360°, hemispheric), other characteristics such as its
ability to reduce the number of sensors and toeimee the pixel/cost ratio are also important b&enefipanoramic
imaging -- particularly if the panoramic imagedissigned to increase the number of pixels in tmegof interest,

as is the Panomorph

In this paper, we show how a highly effective sillarce and security solution can be developednbggrating
state of the art thermal panoramic imager for dete@nd situation awareness system. The sectigifi ®ocus on
the panomorph lens concept, the analysis of rasaland contrast sensitivity. At the end of tréstion we will
present a lens design of an IR panomorph lensctid®e3 present some of the operational benefiisifig an IR
panoramic camera and how immersive 3D visual assa#sbenefits from panomorph technology. Finathg
last section describes various surveillance scenenere a thermal panoramic imager can be used.

2. IR PANOMORPH LENS CONCEPT AND ANALYSIS
2.1 Zone of Interest Concept & Panomorph Lens

The Panomorph lens provide a full hemispheric figldiew. In contrast to other types of panoramiegers that
suffer from blind zone (catadioptric cameras), liowvage numerical aperture and high distortion, taedPorph
lens is designed to use distortion as a desigmpete, in order to provide a high resolution cogeravhere it is
needed, i.e.: in the zone of interest.

In the design of an efficient panoramic IR lens ttoverage area is divided into different zones.sp&cific
resolution requirement as well as a particuladfiel view is defined for each individual zone. @ig 1 shows a
typical surveillance scenario.

Figure 1: Specific security zones.

For this particular scenario, the panoramic covermaga is divided into five adjacent and continuoarses. Zones
B and C are symmetrical with the vertical axis. eTive adjacent zones, while still providing fukkmispheric

coverage, each feature a different resolution requent The most significant objects are in ZoneTRis zone is
the most important one because it can enable fae@agnition and identification. An object in ZoBeis also

more distant to the camera than an object in Zon&lis means that the relative angular resolufixels/degree)
in Zones A and B should also be different.



For example, a human face in Zone B (at 60 dedreesthe vertical axis) will subtend an angle, whis half of
the angle that the human face will subtend in ZAngbove the camera). To get the same numberxelpper
face in both Zones A and B, the pixels/degree ine&ZB must be twice the pixels/degree in Zone AhisTneans
that the number of pixels required on the sensim&ge Zone B is twice the number of pixels usetinage Zone
A. It also means that the constant pixel/angkolidgion achieved with a fisheye lens is not idfmal this

surveillance scenario.

From a system design point of view, you will neechanera in Zone A with a focal length (F-A) thahaf of the
focal length (F-B) of the camera used to cover ZBne By deduction, we can conclude that at least camera
per zone with various type of lenses will be need€hlis is the reality! However, this will not tdsin an efficient
surveillance system. There will be many camerdsltow, a lot of pixels to transfer and a heavfrastructure to
manage. The common approach is to use a singlereamith PTZ functionality...this is the arguably eptable
compromise, with something always missing in tlelé¢roff, as discussed in the introduction.

The panomorph IR lens with a proper FPA will coeaich zone with one solution. By controlling theicgd
distortion, we were able to design and build a detepy new type of panoramic IR imager. Figurer@sgnts the
field of view (angularly) as a function of the psn in the FPA The FOV ranges from 0 (verticad) 90
(horizontal) degrees and the dimensiis the half dimension of the sensor (from the @@ntThe dashed line
represents the linear relation (f-theta distortibejween the field of view and the position on A, as seen with
a fisheye lens. As discussed earlier, the consemaiution is not ideal. A linear function meansonstant slope
or a constant pixel/degree ratio. The solid lispresents a relationship between the FOV and tked that is
typical with a Panomorph lens. We can see that:

- for a small angle (Zone A) the slope is high, whichresponds to a lower pixel/degree resolution;

- the slope is lower in Zone B with a peak in the aléd which corresponds to a higher pixel/degree

resolution;
- and finally, in Zone C, the slope is high againjektmeans lower resolution.

Consequently, the Panomorph lens provides the dmgtion to cover the hemispheric zone, using @blingle
FPA equipped with a single IR lens and without angchanical PTZ function. A digital PTZ functias
provided and the operator can see an undistortey@mwith different views; however all the hemispher
information is available 100% of the time.

Center pixels

=
Figure 2: The ideal FOVa{ vs the position (d) on the sensor for the casgyspresented in Figure 1.
2.2 System Resolution

Panomorph lens use of hemispheric field of viewtsinadly compromises the geometrical resolutionhaf $ensor.
However, by designing the lens with an increasezbltdion in the zone of interest and by considerang



combination of new emerging and enabling technelegiwe can consider Panomorph technology (optic and
software) as a viable solution in future IR sutegite system. Technologies include:

New generation of IRFPAs 12& 3™ generation up to 640X512 format and more)
Integration of accurate strap down INS

High quality, low f-number Panomorph lens

Resolution enhancement technology (Super resoltgicmique)

High end image processing DSP software

Wide FOV HMD visor

It is difficult to evaluate the exact resolution famction of the sensor because it depends of Huéce of the
resolution in the zone of interest. However, if dedine i zones (1 to n) where each zone covemgteg; with a
number of pixel Nwe can describe the resolution for each zone dbkasethe nyquist frequency associated
(Fnyq):

Fny —i (1)
Ayt
with the following limit condition:
N, = 2xFnyq g, = #pixels. (2)
i=1 i=1

However, this mathematical function does not ineladl effects. As an example, since Panomorphel® is a
high quality fast optics, the resulting image oe #PA may be under sampled. As a consequencédormed
image contains high frequency data (called latesitich can be reconstructed either by enhancingaheimage
using signal processing if required.

2.3 System thermal contrast sensitivity

It is well known that one of the major advantagestaring IR technology compared to thermal scagis@nsor is
their enhanced contrast sensitivity because FPA@upf long term integration times. However, thidvantages
is not optimally achieved on applications whereroar spectral bandwidth filtering is required. AsSR lens,
panomorph IR based imager can used the standardDNiglre of merit quantification to get the thermal
sensitivity.

2.4 Lens Design
2.4.1 Reflective vs refractive design

A few IR panoramic imagers have been developeddutie last few decades. The Automatic Panorammérmal
Imaging Sensor (APTIS) is an IR panoramic imagesigieed to be used with a sensor netwbrkThe APTIS
design features automatic detection, location aadking of multiple targets. The system is a caiattic
configuration designed to match the resolution 49X480 pixels. However, as discussed by Gutitesigning a
compact IR panoramic catadioptric optics with lolweaation and high numerical aperture presentsah re
challenge. Having a mirror on top of the imagiegd is not ideal from a packaging point of viewheTmirror
becomes sensitive to alignment error and it is diffizult to have a compact system.

In addition, a design study has been done compatifiigrent types of panoramic IR concepts. In igatér,
Powel?*3 designed different types of IR imagers for a 3a%hand. They concluded that the main advantages of
all refractive solutions were the small diameted Hre fact that there was no blind zone in thelfefi-view.



In a recent application, DRS & ORAhave studied the optical design of a refractivagpamic lens imaging
system for the full 3-12 um band. They also codetiithat a refractive design solution is the moeshgact and
practical means of achieving a panoramic field-efavin the IR. Nonetheless, a catadioptric desiging a highly
curved reflective component in front of a refraetakesign is undesirable from the point of viewadfrication and
packaging, and offers no advantage over a moreestional all-refractive solution due to the diameted the
complexity of the refractive components requireddearect the mirror aberrations.

2.4.2 Optical design

As discussed in the previous section ,refractiv@giesolution is actually the most compact and fwacmeans of
achieving a panoramic infrared system operating thes LWIR band. Consequently the all refractiemmorph
lens is the best choice in the design of a IR pamar alerting or vision system.

The Panomorph lens design is a particular design fif a wide angle lens which includes anamorphit eustom
pixel to angle image mapping. The design of sects Irequires knowledge and specific tasks thatdapted to
IR lens design challenges.

The table 1 describes the IR Panomorph lens typitatacteristics. This table can be used as gnéfe(but not
limited to) to define the exact specifications bé trequired custom IR Panomorph lens. Additional lens
material can be any type of IR glass and moldedl#Rs. Athermalized and achromatized design ae@dssible
as standard IR objective.

Table 1: IR Panomorph lens characteristic

Lens or system orientation By understanding the licaton specific needs and
knowing the orientation of the lens or the visigrstem,
ImmerVision engineers can define where the enhanhced
resolution is needed.

Total track > 2-3 times the sensor dimension (diadjo

Front element diameter > 1.5 times the sensor diinar{diagonal)

Total FOV (hemispheric) 180-220 degrees(typical)

Resolution between zone 3-10 times

Maximum slope (resolution variatigfractor 2 per 5-10 degrees

between two zones) (B/A)/(g-q41) (see figure 3)

Sensor type Any type

Image Quality MTF > 65-80% @ Nyquist

Focal Length Defined by sensor size (standard EEfinition is not
relevant)

Focus Manual or fixed

Anamorphic ratio Up to 16:9 (typically 4:3)

Aperture (F/#) IR>0.8
Fixed iris

Wavebands MWIR 3-5um, LWIR 8-12um
M-LWIR 3-5/8-12um

Transmission > 60% (typical)

Operation temperature (typical) -40C to +60C

Storage temperature (typical) -45C to +70C
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Figure 3: Panomorph lens zone definition (n=3)
The Panomorph lens is designed to match the résolathich is required by a particular applicatioBy using the
equation 1 and 2 you can define the ideal panor#enis for your needs. This capacity is very unigud only

available by using a panomorph lens. Today, falhgramic or hemispheric FOV is now accessible with
panomorph refractive lens.

3. IR PANOMORPH LENS OPERATIONAL BENEFIT
3.1 Thermal imaging benefits

The use of thermal imaging cameras is increasingeasirity officer insist on night time situation a@ness.
Figure 3 compares scenes taken with a thermal imaitie one from a CCTV camera.
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Figure 3: Thermal imaging performance (from I’-3)

The second main advantages to use IR technolotheisapability to see in challenging weather coodét. IR
imager will also perform in snow, fog, rain, smaked haze condition. In such weather conditions,détection
distance will be reduced but this reduction is astsevere as the one from a standard CCTV cantégare 4
shows schematically how thermal waves will travel/arious condition compared to visible waves. Ti@mal
waves penetrate further that the shorter visibl@esathrough all environmental elements. This attaréstic
benefits systems which are deployed around coastab or water based applications (naval IRST).
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Figure 4: Visible and thermal wave performancearrtifferent atmospheric conditichs

Finally, thermal imaging system is completely passi As passive device, the IR camera detectsdraited by
objects but also maintains a covert of presencéhefcamera in the scene. Active infrared techrielogan
provides range advantages but it can be detectedhiey cameras which may compromise the locatioposition
of the surveillance systems.

3.2 Immersive visual benefits

Adding one or more IR panomorph lens to the nextegation surveillance systems will increase thditgittio
manage risk and better protect critical infrastuetor military assets. The benefits are basetheruse of better
immersive video surveillance technology that canrgese live views from fixed panomorph lens and high
resolution PZT camera with a 3D environment modehis will allows a user to be immerse himselfle tscene



like playing a video game in order to controllingeanted (go back and forth in time and spaceVyigns of the
situation instead of volleying between multiple genviews PTZ cameras. Such approach will be muohe
simpler by using panoramic imager because the widksee everywhere all the time. The combinatafrtwo
technologies, panomorph thermal imager and autahwdéware detection and monitoring system willyide a
security and surveillance solution with improvetdigtional awareness.

As an example of applied intelligent video techiggioconsider the common surveillance of a militaamp
installation during night. The cameras are typjcaistalled in strategic locations where they caanitor the
surrounding border of the camp or strategic infragtre. Virtual security borders (perimeters) d@rawn on the
image of each camera to define security zones. rithe intelligent video system detects an alarmvatihg
event, such as a person passing from the publie ta secure zone, then an alarm is issued ogdPtlsecurity
network. The alarm is routed by the managemertvaoé to the operator or directly to a camera withigher
magnification to further investigate the event.eTdperator can focus on the alarm and follow thengry) target
with a high resolution PTZ camera. At the sameefithhe camera using the panomorph lens can contshuo
provide 100% field coverage and may track multigkecondary targets (from the same camera using the
panomorph lens). This helps the operator focubhdisactivity on the narrow field pan/tilt camevéthout losing
any information in the field. In reality, the mosbphisticated intelligent video technology neeudé¢ able to
manage multiple cameras and alarms and also be &€f@%ent 100% of the time.

A panoramic video viewing library is needed to ersal distortion-free display (i.e. multiple virtualndows) and

for controlling the 360° videos from a camera egeib with a Panomorph lens. It has been demondtbgtenany
ImmerVision NVR/DVR partners that is easy to ingger the ImmerVision’s video library into DVRs and
monitoring software, allowing the user the abitiblysee and manipulate distortion-free views. tvjtes real time
viewing mode, virtual PTZ functionalities, simulesus multi-viewing and 38Qpanoramic views, and is DVR
ready as well as being compatible with Windows,uikinand Mobile operating systems. Managing videos a
camera equipped with a Panomorph lens is the sammamaging standard videos - compression, storage,
streaming, algorithms, etc. - and 360° videos aawibwed in real time or deferred time.

Finally, determining sensor placement at a sital$® simpler by using panomorph lenses becaugmitdes
panoramic coverage. This minimized blind spotsvall as reducing the false alarm by providing astant and
full field coverage. It also allows the securityamagement to better locate expensive PZT camerasewh
needed.

4. THERMAL PANOMORPH LENS APPLICATIONS

This section will briefly describe basic applicatsousing staring IR sensors which could benefinffmanoramic
imagery.

4.1 Piloting aid applications

The limited FOV provided by currently deployed rigfision piloting and/or navigating systman be enhanced
by the used of a full panoramic sensor. The namod panoramic views from the two separated serzorde
processed and fused together to provide a embedigdd-OV of the surrounding environment. In figGrbelow,
we see an example from video imagery. We see arBanc FOV imaging aligned to pilot line of sighttiwa
narrow FOV high resolution camera. Since the rendes using digital imaging capabilities, videatd fusion,
bearing information (compass), distance and argutation are also possible.



PANORAMAC 180°FOV

Figure 5: Piloting application example.

With a panoramic full FOV, you can also monitor amélyze objects within the scene to accuratelgntepf any
danger in term of collision avoidance or obstabeta

4.2 Alerting sensor

The ability to see and detect on a full hemisph&@V allows a Panomorph lens thermal imager an irsive
visual assessment for situation awareness to mapaigatial alerts. In such process of alert, teenispheric
thermal imager is able to pre-alert, giving theadiions of possible attack (gun shot, blasts, m@&resmor other
threats). The pre-alarm is routed by the managéeswdtware to the platform operator or directlyat&-LIR with a
higher magnification to further investigate the miveThe operator can focus on the pre-alarm atoidhe target
with a high resolution IR camera to identify theetft and finally determine the precise localizatigkt the same
time, the thermal panoramic imager using the pampmtens can continuously provide 100% field cogeraThis
helps the operator focus his/her activity on theowa field IR view, without losing any informatidn the field.

4.3 Man portable situation awareness system

Recently, IRST and threat warning system used hicle have been move to the portable applicatiorSuch
optical detection system is capable to detect igah®ven detection by an operator in motion. Tdst done to
date incorporate relatively modest FOV (about 49rees HFOV), but a full hemispheric FOV will progighot
only event detection but it can also provide sumtbog situation data that can be analyzed by videalytic
systems and remotely provide support to officer land warrior.

4.4 Ship self protection system

Naval IRST system offers crucial benefits to situzdl awareness and ship self-defence capabilfgvanced
system provides a fully passive infrared survediasystem capable of automatic detecting and tngckoth air
and surface targets simultaneously around the shigure 6a shows Artemis IRST from Thales whicla isew
and original design of naval IRST



b
Figure 6: a : Artemis IRST senstisb : Enhanced with panomorph lenses

As we see on the figure 6a, the surrounding aeasti perfectly covered by such advanced IRST systEhis is

not the goal of the IRST system to provide a vdpge situation awareness system. Adding four lost ¢R

panomorph imagers (figure 6b) on each side of ki will provide a complete coverage 100% of thmeei Any

smaller threat (small boat) or close areas deplaoéfn a port) can use these proximity situatioa@ness which
make the ship self protection system more efficient

5. CONCLUSION

Panomorph lens development has led to a new typihesfmal panoramic imager that can be customized to
enhance any surveillance, detection and situatisereness system. The IR Panomorph lens is a tiefrdens
with high throughput, very low f# (0.8 possiblengpact and robust package which can be adaptettally

any type of platform. The design features fidldiof view coverage, increased resolution in theezof interest,
and 100% coverage rate. Its simple integration emelligent video process benefits have been desig
implemented and demonstrated in the commercialovedeveillance market. IR panomorph lens can lesl s
transient event detection (gun shot and detectioiblasts) or part of staring IRST with increasedrerage
particularly in shadow zone (close region arountisle or ship). Full hemispheric coverage makeopaorph
lens an efficient choice for vehicle situation agregss in urban scenario where gun fire can conme ffrigh level
building close to the street.
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