RuView: Invisible Waves
Made Visible

Transforming commodity WiFi into
zero-camera spatial intelligence.
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Physics: Channel State AL stons weTeIes |

v| Contactless Breathing Rate:

Informatlon (CSI) 6-30 BPM (Real-time)

Cnntactless Heart Rate:
40-120 BPM
(Zero-crossing extraction)

-

| Raw WiFi Signal  — Multipath Disturbance 4 — Bandpass Isolation
Raw WiFi Signal Multipath Disturbance Bandpass Isolation
Commodity 802.11 b/g/n/ac/ax Human movement, breathing, Applying a 0.1-0.5 Hz filter on
routers flood the and heartbeat scatter the wrapped phase isolates chest
environment. signal phase and amplitude. cavity micro-movements from

ambient room noise.
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Non-Line-of-Sight: Multipath Penetration

Source: Existing commodity
router acts as a free
radar illuminator.

Fresnel-Zone Geometry
tracking spatial
displacement of water-
dense human bodies.

Capture: A $9 ESP32 node

detects subcarrier-amplitude
shifts through concrete, drywall,
and debris up to ~5 meters away.

Imaginary
camera
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Strict
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Failure
Room A
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The 8 KB Intelligence Pipeline

1. Hardware 2. Physics 3. Edge Capture 4, Inference Engine 5. Output

1. Hardware 2. Physics 3. Edge Capture 4. Inference Engine 5. Output
Commodity Router RF Multipath Disturbance $9 ESP32-S3 Quantized int4 AI Model Spatial Intelligence
(Free Illuminator) (CSI phase/amplitude (6-band channel hopping, (128-dim contrastive (Real-time vitals,

shifts) TDM scheduling) encoder, fits in 8 KB) 17-keypoint pose)

Cold-start on Pi 5: 8.4 ms | Embedding Speed: 164,183 emb/s | Held-out Accuracy: 82.3%
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Self-Learning WiFi Al Engine

Supervised
(Fine-tuning)

Self-Supervised
(Default)
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(Advanced)
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Input: Raw WiF1i data only.

Output: Understands WiFi signal
structure, room identification, i
anomaly detection. i
Time: ~30-second ambient :
calibration. No human labeling. w

Input: WiFi data + body pose
labels.

Output: Full pose tracking +
environment fingerprints.
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Input: WiFi data + camera
footage (MediaPipe).

Output: Fingerprints aligned

with visual understanding.

End-to-end pipeline in 2.1 s

for 400 epochs.

Hardware Footprint: Entire model fits in 55 KB of memory. Uses 2 KB per-room
MicroLoRA adapters for instant environmental adaptation.




Absolute Privacy: The BFLD Gate

Security Guarantees: Cross-site correlation is mathematically impossible via per-site BLAKE3
keyed hashing and daily rotation. No video, no pixel data, no GDPR/HIPAA imaging liabilities.
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Input: 802.1lac/ax |
Beamforming Feedback
Information (BFI)
enters the node.

The BFLD Gate: Type-enforced invariant layer.
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ﬁ Q&~Htff; Cryptographically |
1solated state data.

P

RAM-Only Embedding:
Identity data is
strictly volatile.
Raw BFL never
exits the node.
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Validated Primitives & Performance Metrics

17-Keypoint Pose Estimation

Presence & Occupancy

Environment Future Prediction

82.69% torso-PCK@20 on
MM-Fi (SOTA, beating
MultiFormer).

82.3% held-out
temporal-triplet
accuracy.
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15-frame future occupancy
prediction (209 ms inference

via OccWorld TransVQVAE).
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Applied Spatial Intelligence

Everyday (Healthcare & Retail) Specialized (Smart Home & Venues)
T\
M= r I POl
[ m= [ & L}
=y [ TR
= HE i
_Elderly care fall detection & sleep apnea (No wearables). Through-wall HVAC/Lighting automation
Retail foot traffic & queue length tracking (GDPR safe) Stadium/Event crowd density and crush-risk mapping.
Robotics & Industrial Extreme (Search, Rescue & Defense)

.-"__.-" __--"-
lé;.a__.-- . -

Cobot safety zones (Detecting humans through machinery). WiFi-Mat disaster triage: detecting survivor breathing thrﬁugh
Autonomous Mobile Robot (AMR) navigation through fog/dust. 30cm of concrete. Covert tactical perimeter security.
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The Edge Ecosystem: 105 Pluggable Modules

Context: Small, cryptographically signed binaries running entirely on the ESP32 edge node. Zero cloud dependency.

14 Health &

14

- Activity Pose

- Heazt & & Activity
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Vitals Modules

- Health Functcibility

- Retscessep niictates
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11 Swarm & MeshE~
Networking
Modules
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Lwarm Moute
Networking
Network Route,
Intesactions
Semann Rovtion

N\

|—/ D ESP32 Edge Node | Crypto Signed | Zero Cloud
! ] :
I_I =/
% || M 4 @ @ PN {n it @, aftl & r & M & e
H¥-B1 H-=52 HV=03 51-61 51-82 5I-63 BI-G1 BlL-GZ BI-B3 Bl1-64 B1-85 Al-01 AT -82 AT-0F £3-61 59-82
Henifl daia) fRoop. Eobdd hongs] Lo i ) IIStﬂ-l Bk} | PeecamasOioe 1 [ Tty | i o 'H:dﬂ'.]l (i Tk ) [Barcran. ) | Emoagy] [Pois- C£Y ) Sl Seeecl N [ Bt | Singh Wk} | Sepson %6454 )
| 1 [ _ . | s
(||| @ ||| B =B 2| @[ LB &]|] =
Hv-83 -8 HY -85 S1-82 £1-83 SI-84 BI-81 BI-62 ET-03 BE-04 BI-A5 Al-81 AT =02 AT-B3 £H-83 £9-04
[ Tisnp ) [Sleeg) CBcLinddyh | AGLess B-lui:‘ {Poriaator) fAccess) L{Ea-uue TIlvl-:-J [ Costoe, ) [ Dorass- ] | {Encagy) |Encses) |Sexture] |p6Ject TOD |Bahavtoel {Eync) [Reuia]
“ o "r.E'
S Gr @ @ @ ) EEE!3 [] {@;' =4 LK % B, b e,
HY-0Z HV=82 HY =03 51-B1 51-02 5d-05 E1-61 BL-02 EL-83 BI-04 BT-85 AT-01 Al-B2 AT-B2 S4-83 S5H-03
[T} L-I_il.ull.n'lh] 165e0g] I Fohemanbet ) {Pocinotow) [Rctinza) [IsCCpangy | IBas T ) | { B | ) 1Cheroe LEmeagy} 10Bizct 101 {sb[act 10) Herkvatoh) Sgnkh 1, (=" £
: . . ;
4 2 ; ey
Sl A || () @ || -k i i Fd (7] P || Q e || % & || %
HY-B4 HV-04 HY-65 £1-61 51-62 51-84 B1-01 B1-02 BI-83 B1-84 B1-G65 Al-g1 A1-82 Al-03 54 -84 50-@2
| theczvory) | | tetony) | | (000t | | (Rsesces) | | (Poe 1] | = | Occapamay) | | torengy) | | Genume) | | Emeron.) | | (Deveeea) | | iopect 50 | | i0emeceen | | a3) | tOeses) [T rm—
S | T | & || ofa Il |l || || & || & | L
H¥ =03 HV =8 H¥ =85 51-81 51-82 SI=05% BI-&1 Bl-0Z EL-83 BI-fg BI-85 Al-81 &l=-02 AT-03 SH-85 SR=05
[Sleep) e ELaLiy] (AcLEsity) ] Acseec) Hixtoc) [Rotlza) 1Encog) lBoruoras | |Eraaras. ] [ Boetoroy . LEnergy [Barcoroe ) [[hpos. 501 {Bahavine] (BIscover) [ELgcower]
) | [ i
N | R | | @ (3 R || ab & & || B || & || & | |
HY-00 HY-05 HY-05 51-81 51-032 51-65 BI-01 BI-02 BL-83 BI-04 B1-85 Al-01 a1-85 | [
A ntelln) (BFtaos) LiFami] ]| (Poctooted) [Astnga) Hepctarery | [{=0 |Epaginen. ) 1Ehengy) Lmergy) {Ebherias) [Behavtii) : :
| T T R TR TR TR TR R IR IR ittnm iy e
A, AN . N -
L] & [ " s 5 P
14 Security & 25 Building, Retail 15 On-device AI
Intrusion & Industrial Modules
Modules Modules
- Poses Estrést
- Intrusin Target = Buildng Occupancy oL Do L
- Secuzity Motion - Betad Foot Traffic S
= Security & Intution - Energy (Queue Time) - Objectnakathen

Footer Note: Over-the-air updates verified via Ed25519 signature before installation.
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Micro-Intelligence: Health & Security éage”i
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Health & Vitals Security & Perimeter
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*» sleep-apnea [4 KB]: Detects respiratory e intrusion [6 KB]: Unauthorized room entry alerts
cessation during sleep. via spatial disruption.
» cardiac-arrhythmia [8 KB]: Spots irregular e prompt-shield [10 KB]: Blocks signal replay and
heartbeat rhythms. injection attacks on the seed.
o fall-detect [402 KB]: Two-stage impact + e glass-break [451 KB]: Acoustic bang + shatter
stillness detector via ambient feature stream. detector distinguishing breaks from ordinary nniS?.
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On-Device AI

» ewc-lifelong [8 KB]:
Model learns new
routines without
forgetting old
baseline patterns.

e anomaly-attractor
[10 KB]: Self-tunes to
normal room states and
flags deviations.

e federated-learning
[18 KB]: Trains AI
across multiple seeds
without sharing raw
spatial data.

Swarm Mechanics

* swarm-consensus [16
KB]: Nodes vote before
executing critical
environmental state
changes.

* swarm-witness-
federation [12 KB]:
Shares tamper-proof
Ed25519 audit trails
across the mesh.
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Deployment Architecture : NG

L) [N T i Teari Cost: ~$140. y
® E E "EGP32 + Cﬂgnitum Seed Cﬂpabilities: Full CSI pipEliﬂE, 195"Cﬂg H
& S | (Recommended)” catalog, persistent vector store, 17-keypoint -
R ' pose, witness chain.
Tier 2: Cost: ~$54 (3-6x ESP32-S3 + Router).
"ESP32 Mesh”. Capabilities: Full real-time vitals and
presence via multi-frequency channel hopping.
Tier 3: | Cost: $50-$100 (Intel 5300 / Atheros).
“computer network card, Capabilities: Full CSI with 3x3 MIMO for
write “Research NIC". high-fidelity spatial capture.
A k
Tier 4: .| Cost: $0.
“a laptop, write | Capabilities: RSSI-only mode. Coarse
“Consumer Laptop”. presence and motion detection.
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 Universal Ecosystem Integration

Entity Output Terminal

Core Protocol Layer: Natively bridges via MQTT auto-discovery and Matter protocol (HAP-1.1)
@ Home Assistant " @} Apple Home :
RuView Node
T @ Google Home @ Amazon Alexa

Supported Platforms: Home Assistant, Apple Home, Google Home, Amazon Alexa. y

someone-sleeping: TRUE
bathroom-occupied: FALSE
fall-risk-elevated: FALSE

elderly-inactivity-anomaly: ALERT

‘ Jr Entity Translation: The node ships 21 entities
E (11 raw signals + 10 inferred semantic states). 5
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The Ambient Computing OS B
Takeaway: RuView is not just a sensor. It is a self-calibrating, privacy-first
spatial operating system built entirely on the physics of invisible waves.
I = T = . 1
Ubiquitous Hardware: .~ Absolute Privacy: Infinite Scale:
Powered by $9 chips and . Edge-local processing. From a single bedroom
existing routers. No new No cameras. No cloud sleep-apnea monitor to a
massive infrastructure. ‘ - dependency. | 100-node warehouse safety grid.
| — L= — L = |
\._ a \ / $9 ESP32 HGM
%9 ESP32 Node $9 ESP32 Node £9 ESP32 Node
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