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Abst ract

Thi s docunent defines a mapping fromthe Milti-Vantage Path Snhapshot
(MVPS) framework [I-D. nel egassi-i ppm nvps-bundl e] onto network paths
that traverse satellite constellations and other orbital segnents.
The mapping reuses, without alteration, the bundle wire format, the
coherence axes (C1, C2, C3), the Haniltonian H, and the

Mahal anobi s detection statistic D'2 of base MWPS. Two adaptati ons
are introduced:

(1) The causal lower bound C 1 admts a vacuum propagati on speed
on space-segnent |egs and fiber refractive index on
terrestrial |egs.

(2) The topol ogical coherence C 3 adnmits a predicted-topol ogy
conponent derived frompublicly avail able Two-Li ne El enent
(TLE) sets via the SGP4 propagator [SGP4], in addition to
t he actual -t opol ogy conponent of base MVPS

Thi s docunent is informational and intentionally minimal. It states
only those clainms which reduce, by a finite chain of substitutions,
to either (a) base MVPS theorens, or (b) classical results in
special relativity and orbital nmechanics. Nuneric thresholds,
phase-centroid val ues, detection |atency clains, bearing-estimtion
accuracy, and any "X% i nprovenent" clainms are NOT nade. Such
results require experinmental validation and are listed as Open

Pr obl ens.

OPERATI ONAL PREREQUI SI TE. The predi cted-topol ogy conponent C 3”pred
is exercised only when per-hop satellite identity is observable at
the vantage (Hypothesis H5). No najor LEO operator currently
publ i shes such mappings; in their absence the franmework degenerates
to a single-axis (C_1) detector. A path-identity exposure protoco
is a candi date conpani on specification (Open Problem OP-2).

MATHEMATI CAL CORE. Under conditional independence of vantages, the
joint mssed-detection error exponent equals the sum of per-vantage
Kul I back- Lei bl er di vergences (Appendix A, Stein’s Lemma plus KL
chain rule). The non-trivial nulti-vantage gain is information-
theoretic: for attack classes where a single vantage has zero

di vergence, only the joint detector achieves beta below 1 - al pha.

The docurent is intended for use by network operators of LEO ground
segnments, by national telecomrunications regulators considering

i ndependent verification of foreign-operated constellation traffic
over their territory, and by the I ETF community.

Status of This Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79

Internet-Drafts are working docunents of the Internet Engineering
Task Force (IETF). Note that other groups nmay also distribute
wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.



Internet-Drafts are draft docunments valid for a maxi num of six
mont hs and nmay be updated, replaced, or obsol eted by other docunents
at any tine. It is inappropriate to use Internet-Drafts as
reference material or to cite themother than as "work in progress."

This Internet-Draft will expire on 24 Novenber 2026
Copyri ght Notice

Copyright (c) 2026 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Docunents
(https://trustee.ietf.org/license-info) in effect on the date of
publication of this docunent. Please review these docunments
carefully, as they describe your rights and restrictions with
respect to this docunent.
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1. I nt roducti on

LowEarth Orbit (LEO constellations carry a grow ng share of
Internet traffic. Their distinguishing properties are:

0 Inter-satellite links (ISLs), where applicable, propagate at
vacuum speed-of-light ¢, in contrast to terrestrial fiber
| egs which propagate at approximtely 2/3 c.

o The ISL topology graph at any future time t is conputable in
advance from publicly avail abl e Two-Li ne El enent (TLE) data
and a standard propagator [SGP4].



PROBLEM  Si ngl e- probe neasurenent (e.g., a single traceroute or
pi ng) cannot, in general, distinguish anong:

(a) a Kepler-predicted ISL topology change ("orbital handover"),
(b) an unrelated routing change in the ground segnent, and
(c) an attenpt to mani pulate the path through an unauthori zed

i ntermedi ary.

Cases (a)-(c) can produce indistinguishable RTT signatures at a
singl e vantage. Milti-vantage neasurenent, plus the predicted-
topol ogy trajectory derivable fromTLE, is sufficient to break this
degeneracy in principle (Theoremb5).

APPROACH. This docunent defines a MAPPI NG from base MVPS

[1-D. nel egassi -i ppm mvps-bundl e] onto orbital paths. The mapping
is miniml and reuses the existing wire format, coherence axes,
Ham | t oni an, and detection statistic. The two adaptations are:
(1) a m xed-nedium causal | ower bound for C1, and (2) a

pr edi ct ed-t opol ogy component for C 3.

SCOPE. This docunment does NOT redefine MV/PS, does NOT introduce
new wire fields, does NOT define a new detection algorithm and
does NOT nake nunerical clainms about detection |latency, false-
alarmrates, or inprovement factors over single-probe methods.
Such clainms require experimental validation and are listed as
Qpen Probl ens (Section 9).

Ter mi nol ogy

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMVENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in
BCP 14 [ RFC2119] [RFC8174].

LEO Low Earth Orbit, typically 340-2000 km al titude

I SL Inter-Satellite Link. Direct optical or RF |link between
two satellites, bypassing the ground segnent.

TLE Two- Li ne El enent set. Standard format for encoding
satellite orbital paraneters [ TLE- FORMVAT].

SGP4 Sinplified General Perturbations 4, a determnistic
orbital propagator [SGP4].

GV Ground Vantage. An MVPS vantage inplenented as a ground
station capabl e of neasuring path properties to a target
through the satellite segnent.

T orb Orbital period of a satellite shell, derived from TLE
T w MVPS coordi nati on wi ndow (i nherited from base M/PS)

C Speed of light in vacuum 299, 792,458 nis.

c f Ef fective speed of light in single-node optical fiber,

approximately 2 * 1078 m's. Vendor-dependent.

Ev The directed edge set observed by vantage v: ordered
pairs of path-identity tokens (e.g., satellite IDs)
along the path. ldentity tokens are vantage-side

observabl e; see Section 3.2.

E pred(t) The directed edge set of the Kepler-optimal path between
a given source-destination pair at tine t, conputed from



TLE via SGP4 and an | SL-graph rule (Section 5.2).
cl1l C2, C3 MVPS coherence axes, inherited frombase M/PS.

H Ham | toni an, inherited from base MVPS:
H=-(logC1 +1l0ogC2+log CJ3).

D2 Mahal anobis statistic on C(t), inherited frombase MVPS.

3. Mapping from WPS-Bundle to Orbital Segments
3.1. Vantage types
Two vant age types are defi ned:

GV (G ound Vant age):
A ground station with traceroute-class measurement capability
toward a target via the satellite segnent. Requirements
(REQUIRED for the math to apply):

- Known geodetic coordinates (W5S-84) to within +/- 10 m

- UTC synchroni zed clock with skew tau_cl k much snmaller than
the coordination window T_w (Section 4, H 3).

- Ability to participate in the M/PS bundl e coordi nation
protocol of [I-D. nel egassi-ippm mps-bundle].

RV (Rel ay Vantage, OPTI ONAL):
A station with operator-side telenmetry access (ISL nei ghbor
tabl es, ground-routing tables). Wen available, an RV provides
ground truth for the topol ogy graph and reduces dependence on
externally observable path identity. RVs are not required for
the framework; they strengthen it when present.

The ni ni mum depl oynent is N = 3 GVs at geographically separated
sites. N =3 is the mninmminposed by base MPS Cperati onal
Contract OCl1 (geonetric-medi an Byzanti ne bound).

3.2. Path objects and path identity

The MVPS path fingerprint of base M/PS is a finite-al phabet
identifier of the path observed by a vantage within a coordination
window. In the orbital setting, the natural identifier is

F = (id entry, hop_1, hop 2, ..., hop k, id exit, GWASN)

where each id_i is a satellite identifier (e.g., NORAD catal og
nunber) when exposed by the path-di scovery mechanismin use, and
GW ASN i s the autononpbus system nunmber of the ground gat eway
when det er ni nabl e.

PATH | DENTI TY OBSERVABI LI TY (REQUI RED for E v to be non-trivial).
The fingerprint F is neaningful only if the underlying mechani sm
exposes per-hop identity tokens at the vantage. For somne
constellations and configurations this is currently not the case
(Section 10). Wen path identity is not observable at the vantage,
the C 3 axis collapses to a coarse signal and the nathematics of
T-6 is not exercised; the framework degenerates to a single-axis
(C_1) detector.

3.3. Coordination window T_w

T wis inherited frombase M/PS unchanged. | nplenentati ons SHOULD
set Twsnall relative to the expected | SL topol ogy change rate
for the constellation under study, so that within a single w ndow
the topology is approximtely stable. No specific numeric val ue



is mandated by this docunent.

Hypot heses on whi ch the Mat hemati cs Depends

The theorems in Section 5 are conditional on the follow ng
hypot heses. | nplenentations and revi ewers shoul d assess whet her
each hypothesis is satisfied in the depl oynent under st udy.

H1 TLE accuracy.
The TLE in use, after SGP4 propagation to the neasurenent
time, gives satellite positions whose error is small enough
that the predicted topol ogy graph G pred(t) (Section 5.2)
differs fromthe true topology only at link transitions
within a bounded uncertainty window. Cvilian TLE at epoch
age <= 24 h is conmonly cited as havi ng sub-kil oneter
positional accuracy; this is an enpirical assunption, not
a theorem

H 2 Trut hful path-fingerprint reporting.
Each vantage reports the (RTT, F, E v) it actually observes,
wi thout intentional alteration. Adversarial vantages are
handl ed by the geonetric-mnmedi an bound of base MVPS Theorem 9.

H3 Vant age cl ock synchroni zati on
The pairw se UTC cl ock skew across vantages, tau_clKk,
satisfies tau _clk nmuch smaller than T_w. This is REQU RED
for the joint causal bound (T-1) to be neaningful and for
Mahal anobi s stationarity (T-4).

H 4 Di stributional assunption for DM2.
Base MVPS Theorem 2 (chi”~2 null) holds under a Gaussi an
null on C(t). 1In the orbital setting, C(t) is mnultinodal
due to handover periodicity, so this hypothesis is NOT
expected to hold globally. Production deploynents MJST
use enpirical FAR calibration (base M/PS Operationa
Contract OC3) over a baseline that excludes predicted
handover w ndows.

H5 Pat h-identity exposure.
Theorem 6 (predicted-topol ogy conponent) applies only when
per-hop identity is observable at the vantage (Section 3.2).
VWhere it is not, the franmework reduces to base MVPS wit hout
the orbital extension.

Theor ens

This section states the mathematical clainms of this docunent.

Each is either trivially derivable, inherited froma base MPS
theorem or follows fromclassical relativity / orbital mechanics
.1. T-1: Vacuum |l ower bound for RTT
STATEMENT. Consider a path P between a source vantage and a
destination, deconposed into legs i = 1..L, each with effective
one-way propagation speed c_i, where c_i <= c (special relativity).
Then the round-trip tine satisfies

RTT_mn(P) = 2* sum{i=1..L} (d_i / c_i) <= RTT_obs(P)

in the absence of cl ock-skew error.
PROOF SKETCH. By special relativity, the one-way tine for any

signal traversing a leg of length d_i is at least d_i / c_i
Sunmi ng over |egs and doubling for round trip yields the bound.



The bound is realized only in the absence of queueing,
serialization, and processing del ays.

APPLI CATION. In a nmixed-nmediumpath, c_i = ¢ on space-segnent

I egs (uplink, downlink, ISL) and c_i = c_f on terrestrial fiber
|l egs. The composite RTT_mn thus reflects the actual physics of
the path.

.2. T-2: TLE-determ ned predicted topol ogy

STATEMENT. G ven a set of TLEs in scope at tine t_0 and the
SGP4 propagator, the predicted |ISL graph

Gpred(t) = { (i, j) @ d_ij(t

_ij( < R_I SL_max
AND elev_ij(t)

)
> elev_mn }

is a deternministic function of the TLE set and t, for any choice
of constellation-specific RISL _nmax and el ev_m n.

PROOF SKETCH. SGP4 is a deterministic propagator; ECH position
vectors are determnistic functions of TLE and t. The Bool ean
edge predicate is a deternministic function of those positions.
Conposition of determnistic functions is determnistic.

CAVEAT. T-2 establishes conmputability, not accuracy. The
accuracy of G pred(t) relative to the true on-orbit topology is
bounded by H 1 (TLE accuracy) and any operator-specific routing
rul es unknown to the vantage.

.3. T-3: Inherited coherence axes

STATEMENT. Wen an MVPS bundle in the orbital setting carries
per-vantage RTT, fingerprint, and edge-set, the coherence axes
C1l, C2, C3 of base WPS [I-D. el egassi-i ppm mvps-bundl e, D1+D3+
F1- F4+11] are well-defined functionals of the bundle.

PROCF. I nheri t ance. No new nat hematics i ntroduced.
.4. T-4: Inherited Mahal anobis statistic

STATEMENT. The Mahal anobis statistic D'2(t) on C(t) inherits the
base MVPS Theorens 2 and 3'. Under the Gaussian null on C(t),
Dr2 ~ chi~2(3). Under the non-Gaussian Cin [0,1]73, FAR s
calibrated enmpirically with quantified precision under base MWPS
Qperational Contract OC3.

PROCF. I nheri t ance.

ORBI TAL CAVEAT. Per H 4, the Gaussian null is NOT expected to
hold globally in LEQ enpirical FAR calibration over a
handover - excl uded baseline is REQJU RED i n production

.5, T-5: Multi-vantage discrimnmnation is necessary

STATEMENT. Let externally observable signature at a vantage v be
the tuple (RTT_v, F v_external) where F_v_external excludes any
identity tokens not exposed at the IP layer. There exist pairs
(T, T') of distinct topol ogies such that the externally observable
signature is identical between T and T' for a single vantage v.
Therefore, no neasurable function of single-vantage data can
distinguish T fromT at v.

PROOF SKETCH. Construct T and T' that differ only in interior

I SL hops while preserving entry, exit, and total propagation

del ay; the externally observable signature is identical by
construction. N >= 2 vantages with di sjoint observation geonetry



resol ve the ambiguity by providing distinct externals for the
same internal events.

5.6. T-6: Predicted-topol ogy coherence conmponent
STATEMENT. Define
C 37pred(t) = nean_v Jaccard(E v, E pred(t))
where E pred(t) is fromT-2. Wen the observed edge set
E v(t) equals the Kepler-optinal predicted edge set E pred(t)
exactly, C 3"pred(t) = 1. Wen E v(t) deviates fromE pred(t),

C 3"pred(t) < 1, with the magnitude of the drop bounded by the
Jaccard di stance between the two edge sets.

PROOF. Direct fromthe definition of Jaccard sinmilarity and
T- 2.

APPLI CATION. C 3”pred provides a discrimnator independent of
hi stori cal baseline: a topol ogy change that matches Kepler
predictions has C 3"pred ~ 1; a topology change that does not
mat ch has C 3"pred < 1.

5.7. T-7: Boundedness

STATEMENT. C1, C2, C3in[0,1]. H=-(logCl1l+logC2 +
log C3) >= 0.

PROOF. Direct fromdefinitions. Inherited boundedness from
base MVPS Theorem 1.
6. Coherence Axes for Orbital Paths (Definitions)
6.1. C_1 with m xed-nmedi um causal bound
For a path P deconposed into legs (uplink, ISL_1..1SL_k, downlink,
plus optional terrestrial fiber legs), the orbital -segnent causal

conponent is

C 1"Einstein = max(0, 1 - max(0, RTT_m n(P) - RTT_obs(P))
/ RTT_obs(P))

where RTT_min is fromT-1. C 1"Einstein equals 1 whenever
RTT _obs >= RTT_min, which is the physically realizable regine.
Val ues strictly less than 1 indicate a measurenent inconsistency
(cl ock skew or other instrunentation issue) and are NOT
interpreted as a security signal in this document. The fingerprint-
entropy conmponent C 17tau is inherited from base M/PS.
C1l = mn(CJ1"Einstein, C 17tau).

6.2. C_2 over path identifier distributions
Inherited frombase M/PS, with the al phabet of identifiers being
the satellite-identity tokens of the path fingerprint
(Section 3.2).
C2 = 1-JsDnorm({p_v}_{v=1l..N}).

6.3. C. 3 with actual and predicted conponents
Two conponents are defi ned:

C 37actual = nean Jaccard over the observed edge sets
{E_v}_{v=1..N}. (base MVPS, unchanged)



C 3”"pred = nmean Jaccard(E v, E pred(t)) over vantages,
with E pred(t) fromT-2. (this docunent)

| mpl enent ati ons report both conmponents in the bundle. A conbined
scal ar may be forned for nonitoring purposes; this docunment does
not mandate a fixed conbi nati on. Recomended practice is to

moni tor the two conponents independently and to declare an
anomaly only when BOTH drop, which is the signature inplied by

T- 6.

6. 4. D'2 detection statistic

Conputed identically to base MVPS, on the vector C(t) =

(C1, C2, C3™actual) (or, equivalently, on (C1, C 2,

C 3*pred), or on a 4-axis extension). Inplenentations report the
choi ce of axes and the calibration baseline. Per H4, the
basel i ne MUST excl ude predicted handover w ndows.

7. Phase Taxonony (Qualitative Only)

The MVPS Layer-3 phase taxonony is extended for the orbita
setting with QUALI TATI VE | abels. Numeric centroids for these
phases are NOT specified in this docunent; they are an Open
Problem (OP-1) and require enpirical study before normative
speci fication.

ORBI TAL_HANDOVER Predi cted topol ogy change consi stent
with Kepler dynam cs. Defined by
T-6 (C_3"pred remains close to 1
during the change).

LI NK_MARG N_DEGRADATI ON Gradual change in C_1 within vacuum
bounds; topol ogy stable.

PATH | NTEGRI TY_BREACH Topol ogy change inconsistent with
Kepl er predictions: C 3“actua
drops AND C 3”*pred drops.

| NTERFERENCE_SUSPECTED  Mul ti-vantage informational divergence
(C_2 drop) localized to a subset of
vant ages.

These nanmes are CLASSI FI CATI ON HI NTS for operators; they do not
imply a unique nuneric regionin (C1, C2, C3) space.

8. Conjectures (Enpirical; Not Theorens)

The foll owi ng statenents are EXPECTED to hol d but have not been
proven in this docunment and have not been validated by
sinmul ati on or neasurenent. They are listed for testability.

CONJ-O 1 After excluding predicted handover w ndows, the
residual C(t) distribution is sufficiently close to
Gaussi an that base MVPS enpirical FAR calibration
(OC3) converges within the same n_calib bound.

CONJ-O- 2 Wth path-identity exposure (H5 satisfied), Jaccard
bet ween observed and TLE-predicted edge sets remmins
above somne operationally useful floor under noni na
orbi tal handover.

CONJ-O 3 N >= 3 ground vantages with separati on >= 500 km
provi de sufficient geonetric diversity to expose
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CONJ-

Open

i nformati onal and topol ogi cal divergence at C 2/C 3
| evel s di stinguishabl e from neasurenment noise

o4 The bearing of an interfering source CAN be estinmated
fromthe spatial pattern of C 2 residuals across
N vant ages, given a beampattern nodel. No estimator
is proposed in this docunent.

Pr obl ens

Ref erence simulation. Inplenent a mniml simulator using
(a) public TLE feeds, (b) an SGP4 propagator, (c) a
constel |l ation-specific |ISL-graph rule, (d) >= 3 synthetic
ground vantages, (e) injected perturbations of three

cl asses (handover-only, interference-like, breach-like).
Measure enmpirical FAR and characterize C(t) distribution

Pat h-identity exposure protocol. Define a JSO\signed
IP-to-satellite-identity mappi ng that LEO operators MNAY
publish to enable interoperable nonitoring. This is a
candi dat e conpanion | -D.

Bearing-estimation derivation. Derive a bearing estimator
froma beampattern nodel. Quantify uncertainty.

Mul tinpdal C(t) distribution. Characterize the
distribution of C(t) once handover periodicity is
decoupl ed. Determine when distribution-free quantile
met hods doni nate parametric chi”~2 approxi mati ons.

Timng-attack nodel. |If a credible attack on satellite
timng oscillators is to be detected, derive the

observabl e signature on (C_1, C2, C3) fromthe underlying
physics. This docunment does not address GNSS spoofing.

Rel ay- net wor k extension. Extend the framework to

| ong- baseline relay networks (e.g., AU-scal e propagation,
hour-scale RTTs). The al gebra is unchanged; the constants
and TLE repl acenents differ.

TLE integrity. Cross-validate TLE feeds across i ndependent
publishers to defend against maliciously crafted TLEs that
could mask a topol ogy breach by inducing a natching

predi cted topol ogy.

Limtations

Thi s

L-1

L-2

L-3

docunent explicitly notes the following limtations.

No experimental validation has been performed for this
extension. Al theorens are mathematical or inherited;
enpirical clains are deferred to OP-1.

Pat h-identity exposure is required for the orbital-specific
contributions (T-6, C 3"pred) to be exercised. As of this
docunent’s date, several nmmjor LEO constellations do not
publish stable per-satellite identity mappings. |n such
cases the framework reduces to base MVPS; the orbital
adaptation is dornmant.

TLE feeds for civilian use are public but unsigned. An
adversary capable of injecting falsified TLE coul d nmask
a topol ogy breach (OP-7).
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12.

13.

L-4 No bearing estimator is proposed in this docunent
(Section 8, CONJ-O-4; Section 9, OP-3). dains of
i nterference geol ocati on are out of scope.

L-5 No detection-latency or fal se-alarmrate nunbers are
claimed. Such nunbers depend on the specific depl oynent
and on the resolution of OP-1.

L-6 No claimis nmade about NASA, SpaceX, or other specific
operators. Were any deploynment is nmentioned, it is as a
candi date use case, not as an existing inplenmentation.

Sovereign Mnitoring as a Use Case

The framework is consistent with passive multi-station nonitoring
by a national regulator. An N >= 3 ground-vantage depl oynent over
national territory, using public TLE and base MVPS bundl es, can
produce signed observations of (C.1, C2, C3, D'2) trajectories.

The mathenatics permts, but does not guarantee, that such a

depl oynent can i ndependently verify whether traffic over nationa
territory follows the routing clained by the constellation
operator. \Whether this verification succeeds in any given

depl oynent depends on Hypothesis H5 (path-identity exposure) and
on Limtation L-2.

Thi s docunent nakes no policy or legal claim COperators of any
soverei gn depl oyment SHOULD verify conpliance with national and
i nternational teleconmmunications |aw and | TU Radi o Regul ati ons.

Security Considerations

Thi s docunent defines a nonitoring franework. No new wire format
is introduced; security considerations of base MV/PS apply
unchanged. Additional considerations specific to the orbita
setting:

Adversarial -evasion mitigation. An adversary aware of this
framework mght attenpt to nmimc an orbital handover signature
in order to evade T-6 detection. Mmnicry requires the adversary
to compute, in real time, a topology change that matches both

E pred(t) and timng predicted by SGP4 fromthe public TLE feed.
The cost of such nmimcry depends on the adversary’'s conpute
budget and on the integrity of the TLE feed (OP-7).

TLE integrity. See L-3 and OP-7

Confidentiality. MPS bundles inherit confidentiality
consi derations frombase MV/PS; no orbital-specific exposure is
i nt roduced.

Bundl es SHOULD be cryptographically signed with vantage identity
keys when used for sovereign monitoring (Section 11), to support
forensic use.

I ANA Consi derations
Thi s docunent requests no | ANA acti ons.
A future conpani on docunent might propose an | ANA registry for
constell ation operator identifiers (mapping operator nanme to ASN

range, TLE feed URL, and identity-exposure protocol version).
That registry is out of scope for this docunent.
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Appendi x A. N Vantage |Information Advantage (C assical Result)

Thi s appendi x records, for conpleteness, the classical detection-
theoretic bound that notivates N >= 3 nulti-vantage operation in
base MVPS and inherited by this docunent. The theoremand its
proof are taken from [ Cover-Thonas-2006], Theorem 11.8.1 (Stein’s
Lemma), with the standard extension to i ndependent observers via
the chain rule for Kullback-Leibler divergence. No new mathematics



is introduced.
A 1. Setting
Consi der a binary hypothesis test on the state of an orbital path:

HO: the path is in nonminal state.

H1: the path is in an anonal ous state (handover-but-not -
predicted, interference, or path-integrity breach;
see Section 7).

Each ground vantage v in {1, ..., N} produces an observation X v
drawn from P_v*0 under HO and from P_v*1 under H 1.

Assunpt i ons:

Al. X1, ..., X Nare conditionally independent given the
hypothesis. This corresponds to instrumentally and
geogr aphi cal | y i ndependent vant ages.

A2. For each v, the Kull back-Lei bl er divergence
Dv := KL(P_v*1 || P_v™0) is finite and positive.

A 2. Stein’'s Lenma (single observer)
For a single vantage v, with n independent samples drawn under
H 1 and any test sequence whose Type-1 error is bounded by
al pha < 1, the optimal Type-Il (m ssed-detection) error
beta_n”v(al pha) satisfies:
-(1/n) * log beta_n~v(alpha) ---> DV (n -->infinity).
([ Cover - Thomas- 2006], Theorem 11.8.1.)
A. 3. N vantage extension
By Al, the joint distribution under hypothesis Hk is
Pjoint"k = P_ 1"k x P_ 2"k x ... x P_.N'k. By the chain rule for
KL di vergence on i ndependent conponents:
KL(P_joint"l || Pjoint?"0) = sum{v=1..N} D.v.
Applying Stein's Lenma to the joint observation
beta_n*joint(alpha) = exp(-n * sum{v=1..N} Dv + o(n)).
A 4. THEOREM A-1. N-Vantage | nformation Advant age
Under Al-A2, the asynptotic m ssed-detection error exponent of
the joint N-vantage test exceeds the error exponent of the best
singl e-vant age test:

EN := sum{v=1l..N DV >= max_v D v = E 1

with strict inequality whenever Dv > 0 for at |east two
vant ages.

PROOF. Sum over non-negative reals dom nates max over the sane
set; strict inequality follows when at |east two sunmands are
positive.

A.5. Operational interpretation

Theorem A-1 is the mathemati cal content of the requirenent

N >= 3 inposed by base MVPS (perational Contract OCl. It does
NOT, by itself, predict the enpirical error exponent achieved by
any specific depl oyment, which depends on per-vantage D v val ues
(Conjecture CONJ-O-3 in Section 8). It DOES guarantee that



every additional independent vantage strictly inproves the
m ssed-detection bound at fixed fal se-alarmrate.

This is the property by which radar arrays, GNSS spoofing
detectors, and seisnic event-location networks justify their
mul ti-observer architectures. The orbital-coherence franmework
inherits this property wi thout nodification.

A.6. Limtations

Theorem A-1 is asynptotic. |t assumes conditional independence
(Al). Vantages that share systematic biases (e.g., a comon TLE
feed conprom sed under OP-7) violate Al and the bound does not
apply directly to the conprom sed conponent. TheoremA-1 is
stated here for the orbital case for conpleteness; its proof is
not original to this docunent.
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