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. Potential Spectral Bands of Space-Borne MSIR-Imaging for c I .
Summary Measures for Non-Intrusiveness of MSIR-Measurements the Detection of UNE-Relevant Anomalies and Signatures onciusions

Russian experts made the overview of multispectral data from the Earth Remote Sensing (ERS)

During OSl-related additional overflights (AO) with application of MSIR-measurements the
for the identification of vegetation stress and human artifacts [3].

Proposed ways for optimization of MSIR-measurements are focused on

In acclordanc.e Wlth. [:.)I‘.OVISIon of th(? Comprehenswe .Nuc|ear Test Ban Inspected State Party (ISP) shall have the right to apply general non-intrusiveness measures Example: optimization of spectral resolution for OSI purposes:
Treaty (CTBT) inspection activities and techniques include “multi-spectral imaging, * Model text for the draft OM for OSI provides the ISP right to regulate the nature and extent
. . . ' .y . . . . Spectral Channel Legend and Signatures Wavelengths
. . micrometers - . .
search for anomalies or artifacts». (Paragraph 69(b) of the Protocol) »  Per Paragraph 75 Part |l of the Protocol the ISP shall have the right to impose restrictions or, Visible Blue Band 181 / 0.45-0.52 * Limited number of spectral bands (up to 10 channels);
. . . ) . . ey el . Soil distinguishing /discrimination from vegetation
According to the model text for the draft OSI Operational Manual (OM) In e’ff.ept'f;"a' Cisej i";twizh "9350"3b|et’J1U5F'flcat'?n: prohibitions on the overflight of (Blue) betection of anthropogenc structures
broad categories of anomalies capable to be observed with MSIR-measurements sensi fv.e sites not related to the purpose of the inspec fOf‘f- o | sz om0 * Combination of narrow wavelength ranges, selected from full spectral interval
are: . ﬁccord}:ng toh Paragraph 61(@'1 Part Il of t:e Prc:jtocol during on-5|ted|nspe(;t|onhthe IEP shaI1Ic ::_ir:cl*-n)m :e ZC:OBH: ealthy vegetation , identi l;azr;owant ropogenic structures from 0,3 to 2,5 micrometers for MSIR-images and from 7 to 14 micrometers
ave the right to examine a otographic and measurement products for the subject o S and s, B3 : D55, S _ . . \ . .
. . . 18 Xami . p . grap |. u proau up) Contouring /lineation of soils and geological structures, identification of anthropogenic structures for IR-images on the basis of matching to realistic UNE-relevant anomalies
Hot spots /thermal plumes; potential presence of confidential information. iR . hould st line dat : q t gatheri . Ve data |
. . ear Infrared - uan T’|ca)Ton0 vegetation biomass, i en.T|ca-Ton0 soils shou streamliine dald proceSSIng an preven ga erlng OT excessive ala In
 Disturbed earth and vegetative stress; Quantiication of vegetation blomass,identification of sl . :
. . . GV EVER e e MAUIGEIES  Band 5, BS, SWIR, MWIR 1.55-1.75 Comp“ance Wlth the SOle OSI purpose;
* Plumes of material upward migration to ground surface (to be discussed During an OSI the ISP may be concerned that MSIR-imaging goes beyond the framework of the Determination of moisture content in vegetation and soil, examination of vegetation health
by dedicated expert group): sole purpose of an OSI — to clarify whether a nuclear weapon test explosion has been carried e e LT T 10.40.12.50
y pertgroup); out and to gather any facts which might assist in identifying any possible violator (Paragraph 35 - Determination of temperature ofunderling surface and heat ntensityofdetected e * Application of commercially available multispectral cameras, software and
* Human artifacts. Article 1IV). Therefore the model text for draft OM for OSI should provide a procedure for Middle-Wave Infrared Bani”,m, VIWIR : 2.03235 | appropriate aircrafts.
Coordination (between inSpection team “T) and the |SP) Of WQII-gFOUﬂdEd Spectral region fOI’ MWIR Searching for geothermal changes, determination of moisture content in rocks and vegetation
non-intrusive MSIR-imaging.
While searching UNE-relevant anomalies with MSIR-measurements one
should be guided by the following characteristics:
* UNE-relevant anomalies, detectable with MSIR-measurements may have local
Introduction Phenomenology of Signatures of Underground Nuclear Explosion Characteristics of UNE-Relevant Thermal Anomalies (point) character or distributed over the ground surface. Most probably such
(UNE) Observable with MSIR-Measurements Detectable with Infrared (IR) Imaging ground surface distribution area will not exceed the sizes of spall region.
According to model text for the draft OM for OSI multispectral imaging is one Well-grounded spectral region for MSIR-measurements should be based on deep understanding Experimental studies of the Russian experts [4] demonstrated the capability for identification ’ Tempeorature anomahe_s AT on the _ground surface in UNE area may reach up to
way of using small windows of wavelengths within or near the visible spectrum to gather of unique parameters of potential UNE anomalies and signatures, which include: of the following UNE-relevant thermal anomalies in Long-Wave Infrared (LWIR) region: 8 - 10°C. Such anomalies may be in the form of hot spots or (if transformed)
information about the terrain. » \Vegetative stress — is observed on the basis of different values of reflectance or absorption plumes or arc-shaped sections, as well as in the form of solid spatial zones on
The essence of this technique is in measuring intensity at many wavelengths factor for chlorophyll and water. Type and Shape of Thermal Anomaly sizes of Identified . Atl_lon}gly the ground surface or circular anomalies with 80-250 meter radius.
with subsequent transformation of gathered data to make composite images that can be * Human artifacts — new roads; moved earth; digging products (boreholes, wells, tunnels) IR region = 8-14 micrometers (LWIR) L e arind e
used to identify objects. with tailing piles, construction engineering, materials, cable lines and others.
As for today the CTBT (thereinafter the Treaty) and the OM for OSI have no * Disturbed earth resulting from UNE can be observed through changes in spectral properties Hot spots and P'”\,T:tzﬁ‘:,gggr”g’;;"gagg;:;grat"’” ofheated \yithin spall region Al e e LE
definition of not only the “multispectral” term but also the following parameters of of materials for the following reasons: — _
MSIR-measurements: v Changes in chemical composition of sub-surface materials (for instance, as a result of Thermal arcs Within spall region
. Specific spectral range; containment failure, releases and etc.); Solid area Withi;oipf,%lr;egion e

. . v" Changes in moisture content of sub-surface materials (for instance, resulting from
* Number and width of spectral bands (intervals); 8 ( g

changes in hydrogeological regime); Circular area Wghirégpayoroegion 2-25 years
. e . : =80 - 2000
DlsJFmCtlon betw.een mul.tlspectral. anq hyperspectr:fil sensors, which were v" Changes in surface texture (for instance, as a result of mechanical effects).
actively used during the field exercises in 2011-2012 in Hungary (MSFE11 and , _ S
: . . , * Thermal anomalies from UNE (hot spots and plumes caused with upward migration of
MSFE12) and the Integrated Field Exercises in 2014 (IFE14) in Jordan. : .
heated water, vapor and gases, thermal arcs, solid and circular areas).
Specific Operational Requirements for Outcomes of the Multispectral Field Exercises in 2011-2012 Potential Ways for Optimization of MSIR-Measurements References
MSIR-Measurements (MSFE11 and MSFE12) for OSI Purposes

Depending on the number of spectral bands in which images are made there are 2 types of Mimicked UNE observables for the Multispectral Field Exercises in 2011-2012 (MSFE11 and MSFE12) in Experimental results obtained by Russi ts [3 b the basis f ing th tral regi . .

. . P 'g P 8 yP Hunearv included: xh':fe;'men al rest I':' © a'nj b yh vsstan experts 3] may | ceome | © basts Tor narmw'ggf OSZSP?CIT resions 1. Report of On-Site Inspection Workshop-23: Further Development of the OSI
imaging: multispectral one (from 2 to 10 spectral bands) and hyperspectral (maybe more than gary - which were originally agreed by the Expert Meeting on Multispectral Imaging (MSEM11) before the Field Exercises _ _
100 channels) . Temporal Surface d|sturbance’ Caused by the movement of d|fferent types Of m|||tary Vehu:les; in Hungary in 2011-2012 [5], that WOUICI prDVide an Opportunlty to SImp|Ify Imaglng procedure, rEdUCE the Volume EqUIpment I—ISt; CTBT/WS/OSI-Z?’/]-; 20 February 2017-

MSIR category should include multispectral imaging within 10 channels. In this case MSIR « Temporal surface disturbance caused by digging; of obtained MSIR-data and prevent access to excessive information. 2. Assessment of the Potential of Multispectral Including Infrared Imaging for an On-Site
measurements will be a process of parallel making several images in different narrow spectral « Hydrological patterns of thermal anomalies in sub-surface; Detected Anomalies and Signatures Spectral Bands (in micrometers) Time of imaging, time of Inspection: Review of Field Tests in 2011 and 2012, Technical Report,
intervals Required number of intervals (bands) is provided with application of digital cameras *  Fluffing of the surface through the detonation of explosives. [2] SOmel Benet on and CTBT/PTS/TR/2014-1 February 2014.
with several lenses and relevant filters . Proposed by Results from - . ; ; P ; ;

Based on the field exercise results the following conclusions were made : the MSIR Expert the Russian 3. IVI..Yu..Zhller.1ev Obzor pnmmefmya multfsp_ektralnykh dannykh DZZ i "kh kombinatsiya

Based on the outcomes of OSI Workshop-23 held in 2016 the following specific operational - MSIR-measurements can identify abnormal areas and resolve their relative chronology (heated zones in m:;mgg;n Sxperts [ pri tsifrovoi O‘_brat?Otke [ngr'wew of Ml’_IItISpeCtral Earjth BemOte Ser'15|ng (ERS) Data

requirements for MSIR-measurement system were developed: sub-surface, as well as signatures, associated with digging activities and impact on vegetation). Initial survey of territory in nearly natural color. Visible -VIS B1(0.45-0.52) Daytime imaging. and Its Combination for Digital Processing] , Geomatika journal, edited by Sovzond
. . . . Abnormal signatures: differences between greenand dry 0.4-0.7 B2 (0.52-0.60) Vegetation stress begins to show _ : : _Dri

- Portable; - Long processing time for hyperspectral data is caused with large data volumes vegetation resulted from stress. Detection of recent traffic and B3 ( 0.63-0.69) itself during the first days after Company’ 2009’ Ne3. pUb“Shed by Union Prlnt’ Moscow 2009.

- Easy to install and operate; —— —— ——— s relevant chronology of traffic on dirt or gravel roads. UNE and may be present for 4. V.P. Busygin, A.S. Ginsburg Atmosfernye i gidrologicheskie effecty PYAV: teoriya,

- Installable on fixed wing and/or rotary aircraft; -_— Surface disturbance VIS, NIR, SWIR B1(0.45-0.52) Daytime imaging in dry weather eksperiment | monitoring [ Atmospheric and Hydrological Effects of UNE: Theory,

small 12 10 Abnormal signatures: vegetation stress, surface texture changes; RRWY/ RV T B3 (0.63-0.69) conditions. . . . . . . .

i iFi i _i i i . changes in hydrogeological regime, territory irrigation or B4 (0.76-0.9) Anomalies show themselves . y N=£, .

Technical specifications developed for MSIR-imaging system include: = _ Experiment and Monitoring]. Meteorologiya | Hidrologiya journal, Ne2, 2016
. ) ) “ Wide L Ul draining, anthropogenic structures Thermal IR B5(1.55-1.75) several hours after UNE and may . . .
- Spectral range from 0,3 to 2,5 micrometers for multispectral images; o Wide 230 55 be present for several weeks. 5. Report on OSI Expert Meeting on Multispectral and Infrared Imaging,
_ : _i . Specifically for the detection of surface texture changes B1(0.45-0.52)
Spectral range from 7 to 14 micrometers for IR-images; s e e W St e CTBT/PTS/INF.1133, 23 June 2011.

- Integrated field of view: 30-600; Specifically for the detection of geological changes B5 (1.55-1.75) Geological changes may be

present more longer time as
compared with maximal
OSl duration.

- System operable between -10°C to +40°C. [1]

On the basis of specific spectral bands it is possible to search for suitable
equipment for MSIR-measurements with application of standard commercially
available large-format or medium-format multispectral digital aerial cameras
from the leading manufacturers.

As a rule standard cameras are certified for application with appropriate
aircrafts, which may be chosen for additional overflights for OSI purposes.

Disclaimer: The views expressed on this poster are those of the author and do not necessarily reflect the view of the CTBTO
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