NOAA sUAS Operations in Tropical Cyclones:
A Recap of 2022 and Plans for 2023
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ser 4't§$:;>naf'-i Objective:

jtes of NOAA’s existing Hurricane Hunter
" develop eme,rgmg uncrewed technologies
nhanged data coverage of the critically
| sparsely-sampled tropical cyclone boundary
nment.

End goal:
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Through | enhagced observation, improve basic
understanding, - ope tional situational awareness and
ultimately, hurrlcane intensity forecast performance.




ConOp: Deploy a small, (eventually fully) autgnomous
“uncrewed” aircraft from a “crewed” aircraft
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- Area-I’s Altius 6@ . ity
~ small “uncrewed” aircraft A
~ “*v"Cruise/Dash Speed: 55 kt/90 kt

« Comms to P:3 120-195 nmi

- Deployed wing span: 100”

s Deployed length: 40"
- Gross Weight: 23-27 Ibs

-« ModularPayload; = oo
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September 28th, 2022...




Hurricane lan - Regional 88-D Composite
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N42 flight into lan: 28 Sep, 2022 H1 Tasking: EMC

L]

. Combo drop (Regular + AXBT)
Altius

@ Midpoint drop (SUAS)
@@® Eyewall/RMW rapid sequence drop

H‘E?ﬁ“ﬂx 6

27N 1

Dropsonde payload:
39 total (15 EMC, 24 ONR)
6 turn point drops (EMC) at 1,4,5,6,7,8 (no drop at 2)
6 mid-point drops (EMC)
3 center drops (EMC) inbound from 1, 5 and 7
24 RMW rapid drops (ONR)

AXBT drop guidance (7 total): drop UM AXBTs at each
turn point (where possible) and on one center pass.

26.5N
FLAIMS Module

26N 1

25.5N 1

25N 4

RMW drop guidance: release up to 3 drops on legs 1-

il 4 Se Ctr, Ctr-2, 2-Ctr, Ctr-4, 5-Ctr, Ctr-6, 7-Ctr, Ctr-8.
Altius (AUS) guidance: Drop Altius in Ctr (inbound 1-
- Ctr), then 10-12 min eye orbit to calibrate with Altius,
85W B4.5W P 83.5W 83W B82.5W 82W B1.5W BIW
Module priority: (1) Altius UAS, (2) FLAIMS then proceed Ctr-2.

* Possible Eye-Eyewall Mixing Module during eye orbit



The Orion reconnaissance

Courtesy: Reuters



The P-3 likely went through the ‘scallops’ on the W-SW eyewall...

15-m resolution visible imagery




P3 Doppler Profile Data
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Hurricane lan Visible Satellite Imagery: *
Altius in-flight p : 1030z - 1212

Altius flight into Hurricane lan
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The following slides show the leg of the P-3 with ‘extreme turbulence’...

P-3 Flight Level Data: NW-SE Eyewall Penetration into Major Hurricane lan
(September 28, 2022)
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P-3 FL
Data:

Pitch Angle (deg)
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Pitch Angle Time Series
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P-3 FL
Data:

Roll Angle (deg)
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P-3 FL
Data:

Yaw Angle (deg)
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Air Temperature (°C)
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Continuous telemetry loss time (seconds)
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sUAS Records set:

1. Wind speed 216mph (@2150
ft)
2. Endurance (102 min)

lan (2022) SurﬁrﬁW3 distance (130nmi)

- small Unmanned Aircraft Systems (sUAS) observations can improve scientific
understanding of dangerous and difficult to observe regions of the Tropical
Cyclone, including the critical air-sea transition zone.

- These unique data have the potential to improve operational situational
awareness, boundary layer physics and future forecasts of Tropical Cyclone
intensity (and possibly short term track with enhanced center fix capabilities).

- As this technology advances towards operational transition, small drones will
fly lower, longer and for less money.

What's Next for Altius?

- Altius: post-processing, lan sUAS data impact, BL analysis, add multi-hole
turbulence probe and possible video for 2023. Incorporate lan lessons learned.

Project Support: NOAA/OMAO/AOC, NOAA/SBIR, NOAA/OAR/WPO,
NOAA/JPA




NEw and Improved Observing Technologies And
Enhanced Concept of Operations Working Group

Federal civilian and DoD partners, Academic
Institutions, Private Sector collaborators

Skyfora’'s -

V2.0 (ongoing) - streamsonde DS \
Field tes ting for the A new weather instrument providing complementary data

FEATURES: INTEGRATED SENSORS: OPERATIONS:
L] -
most promisin - weignt 1o gram ¢ prosare + spoymentam g
+ Size: 66mm in diameter + Temperature platform equipped with
+ Terminal free-fall velocity: + Humidity AVAPS launchers,
- below 5m/s (asl.) + Accurate, custom build GNSS * No parachute needed
tec h n O I o ’ es + 403MHz meteorological band + 3DGyro « Floats on water surface (not
+ 2h operation time - 3D Accelerometer tested,
+ 3D Magnetometer « 2 patent applications filed

+ Re-chargeable Li-lon battery
+ Ultra-low power consumption

« Optional Air Quality sensor
DRAGOON ]

Hurricane Weather Sensing The HiDRON has successfully launched and returned
* An example use-case of the concept. : scientific instruments upward of 34 km (111,540 feet)
* One-time use, 30 hr endurance. " ! ’ performing in-situ observations in challenging, low

*+ Long distance, 1500 mi, no wind. R Id b - i
* 301b, 10 ft wingspan. eynolds numbers environments:

* MET sensor plus 1 Ib additional payload. ¢ G-force 9 The second iteration of

*+ Minimal number of launch sites can cover ¥ % Headwinds 180 km/h )
large portion of ocean. [ " \ A the HIDRON during a
14 e Temp - 60°C

+ Non-specialist launch (private pilot, local S I B - 2020 test flight at
resources) keeps crew cost down. % - = ——

« Initially, flight monitoring is remote.
Soon, monitoring can be automated.

* Iridium SBD or store-and-forward data
retrieval.

We've also introduced a long duration HAPS

platform to our service fleet. ‘ A p u S D u O

GPS
Antenna &
Receiver

Parachute

Microcontrollers

Transmitter

il RH Sensor

Y Temperature sensor

Airspeed at 15,000 m AMSL: 27m/s
Payload Capadity: Take Off and Landing: Fuly Automatic

Total Weight Solar CellEfficiency:

Temp Range: 65°C - 55 Service Cellin from 12,000 m t0 25,000 m
Airspeed at Sea Level: 8m/s ‘Ground-based Landing Equipment: Not Required

IR Sensor Field of View
Location
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NOAA SBIR 8.2.13 - Developing a Cost Effective Air-Deployed
Air Deployment UAS for use in Turbulent Environments

Swivel Wing

« Simple, Reliable Deployment

AVAPS Compatible

« Integration with Current NOAA Systems

Flush-Air Sensing Nosecone

SO Air—Deployed UAS » Three-Dimensional Winds

« Robust, simple to operate, scientific platform



FEATURES:

Weight: < 15 gram
Size: 66mm in diameter

Terminal free -fall velocity:
below 5m/s (a.s.l.)

403MHz meteorological band
1.5h operation time
Re- chargeable Li -lon battery

Ultra - low power consumption

SKYFORA

tream Son
de

INTEGRATED SENSORS:

® Pressure

¢ Temperature

¢ Humidity

® Accurate, custom built GNSS
¢ 3D Gyro

¢ 3D Accelerometer

¢ 3D Magnetometer

¢ Air Quality sensor

® Ambient light sensors

*

s/:

OPERATIONS:

Deployment from airplanes
equipped with AVAPS
launchers.

No parachute needed
Descent with natural winds
Floats on water surface

4 patent applications filed

26



Sounding Miami 31Jan 2023 00 UTC
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» Ingeneral, good agreement between the Skyfora StreamSonde
and the NWS Vaisala RS-41, especially considering that the
sondes were launched on separate balloons

+ StreamSonde humidity likely wrong above 250 hPa {~11km) -
sensor inertia time lag corrections are still in development and
none were applied in this case

+ Radiation corrections not necessary in the twilight conditions

(The data shown are interpolated to pressure levels with 5 hPa

spacing with no other post processing or corrections done)




ediction
urricanes Experlment (APHEX)
RESEARCH IN COORDINATION WITH OPERATIONS

SMALL UNMANNED AIRCRAFT VEHICLE EXPERIMENT
(RICO SUAVE)

Science Team: Joseph Cione, Jun Zhang, Josh Wadler (ERAU \gf
RL), Rosimar Rios-Berrios

Chen (UAH)

Plain Language Description: Use small drones to sample the lowest and most
dangerous regions of the tropical cyclone. Observations from these unique platforms
have the potential to improve basic understanding and enhance situational awareness.
Analyses of data collected from these small drones also have the potential to improve

the physics of numerical models that predict changes in storm intensity.




2023 MATURE STAGE EXPERIMENT

RICO SUAVE
Objectives:

Eyewall Module: Provide sUAS HDOBS at multiple altitudes and azimuths to NHC in near
real time. Post storm, comparing sUAS atmospheric and SST high wind observations with
operational analysis and forecast fields from coupled HWRF and HAFS.

Inflow Module: Provide sUAS HDOBS in near-real-time to NHC. Post storm, compare
sUAS TC boundary layer thermodynamic, kinematic and SST radial structure with model
output to improve TC boundary layer parameterizations and ocean response in HWRF and

Center Fix/Eye-Eyewall Module: Provide sUAS HDOBS and center fix estimates in near-

real-time to NHC. Post storm, compare sUAS TC boundary layer thermodynamic, kinematic

and SST structure within the eye and eye/eyewall mterface with mode output to improve TC
boundary layer parameterizations - 2sponse in HWRF and HAFS.
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