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Summary

This report summarises Aerosonde flights performed during CAMEX4 between August 19 and September 10, 2001.  The flights out of Mayport Naval Air Station (NAS) were aimed at investigating tropical convection events and hurricanes in the Atlantic Ocean (see region in figure 1).
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Figure 1: Aerosonde operating region during CAMEX4.

To get to the starting line, a rigorous NASA safety and mission readiness review had to be passed in addition to defining procedures to work in conjunction with other participating Air Force and NOAA aircraft.  The safety requirements meant that a number of new flight termination systems were added to the Aerosonde software to maximize safety for people on the ground as well as other aircraft.  Also, we were limited to one aircraft operation to minimize complexity.  On Sunday August 19, all safety requirements were satisfied following a flight demonstration.

Satellite communications (satcom) via the Orbcomm system were the key to a successful mission, and we suffered some problems getting this working during the first three flights.  However, through exhaustive testing in the field, we were able to make modifications that improved the satcom to the point that it was more than adequate to perform any over the horizon mission.

Systems were in good shape as a tropical storm approached on Sep 15.  Unfortunately, the tragic events of Sep 11 grounded any further Aerosonde flights during CAMEX 4.  Table 1 provides a summary of Aerosonde flights during CAMEX 4.

	Date
	Sortie
	Launch time (Z)
	Landing time (Z)
	Flight duration
	Comments

	Aug 19
	1
	18:19
	20:52
	2:33
	Satisfy NASA airworthiness flight safety review board requirements to demonstrate operational procedures and aircraft flight termination system as set up for CAMEX 4.

	Aug 22
	2
	10:53
	22:13
	11:20
	Daylight hour mission within UHF range of Mayport to fly local storm regions

	Aug 23
	Demo
	12:43
	13:06
	0:23
	Short publicity flight over Mayport for NASA video crew

	Aug 24–25
	3
	18:00 (24th)
	14:02 (25th)
	20:02
	Twenty hour mission to measure low level PTU and wind data in the vicinity of Tropical Wave “Dean”.

	Aug 28
	4
	11:07
	22:00
	10:53
	Daylight hours mission to measure low level PTU and wind data in local convective systems east of Mayport.

	Aug 30
	5
	11:14
	22:37
	11:23
	Daylight hours mission to measure low level PTU and wind data in local convective systems east of Mayport.

	Sep 4
	6
	11:35
	22:31
	10:56
	Daylight hours mission to measure low level PTU and wind data in local convective systems east of Mayport.  This aircraft was equipped with KT-11 pyrometer.

	Sep 6
	7
	11:27
	22:25
	10:58
	Daylight hours mission to measure low level PTU and wind data in local convective systems east of Mayport in conjunction with NASA DC-8.

	Sep 8-9
	8
	19:21 (8th)
	16:24 (9th)
	21:03
	Overnight mission (20+hrs) to measure low level PTU and wind data in convective systems east of Mayport

	Total
	
	
	
	99:31
	


Table 1: Aerosonde flight summary during CAMEX 4

1. Sortie 1:  Sunday August 19, 2001

Flight Objectives

· Satisfy NASA airworthiness flight safety review board requirements to demonstrate operational procedures and aircraft flight termination system as set up for CAMEX 4.

· Satcom evaluation

Flight Data

	Aerosonde
	#55 “Cosmo”

	Payload Configuration
	2 x Vaisala RSS901

	Launch Time
	18:19 on August 19

	Landing Time
	20:52 on August 19

	Flight Duration
	2hrs 33 min

	Flight Description
	Flight within 20nm of Mayport

	Data Files
	L081955A.BIN, L081955B.BIN, L081955A.PTU, L081955B.PTU, L081955A.WND, L081955B.WND, L081955A.AMD, L081955B.AMD

	Fuel Consumption
	N/A

	Oil Consumption
	N/A

	SATCOM data rate
	None


Flight Path 

· Aerosonde “Cosmo was launched and directed out through our flight corridor to the 20nm mark, where it loited for about 1.5 hrs before heading inbound.

Discussion

· All NASA safety requirements satisfied.

· Poor satellite communications with aerosonde “Cosmo”.  May be linked to met programming cable extension as this item is different from the tested configuration for satcom.

2. Sortie 2:  Wednesday August 22, 2001

Flight Objectives

· Daylight hour mission within UHF range of Mayport to fly local storm regions

· Satcom evaluation

Flight Data

	Aerosonde
	#55 “Jerry”

	Payload Configuration
	2 x Vaisala RSS901

	Launch Time
	10:53 on August 22, 2001

	Landing Time
	22:13 on August 22, 2001

	Flight Duration
	11 hrs 20 min

	Flight Description
	A number of different flight patterns including a large circle and butterfly pattern were flown within 100 km of Mayport as shown below.

	Data Files
	L082255A.BIN, L082255B.BIN, L082255A.PTU, L082255B.PTU, L082255A.WND, L082255B.WND, L082255A.AMD, L082255B.AMD

	Fuel Consumption
	170 g/hr

	Oil Consumption
	10 cc /hr

	SATCOM data rate
	Poor


Flight Path

The aircraft flew 100km East from Mayport, then performed a number of flight patterns at 1000 ft.
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Discussion

A problem has developed with satellite communication uplink. It appears that the problem lies with Orbcomm provisioning of our satellite system. Orbcomm are working with us to rectify the problem. This problem will limit our operational scope until solved.


3. Demonstration:  Thursday August 23, 2001

Flight Objectives

· Short publicity flight over Mayport for NASA video crew.

Flight Data

	Aerosonde
	#55, “Jerry”

	Payload Configuration
	2 x Vaisala RSS901

	Launch Time
	12:43Z on August 23

	Landing Time
	13:06Z on August 23

	Flight Duration
	23 mins

	Flight Description
	Flew pattern overhead and landed following filming.

	Data Files
	L082355A.BIN

	Fuel Consumption
	NA

	Oil Consumption
	NA

	SATCOM data rate
	NA


4. Sortie 3:  Sunday August 24-25, 2001

Flight Objectives

· Twenty hour mission to measure low level PTU and wind data in the vicinity of Tropical Wave “Dean”.

· Satcom evaluation

Flight Data

	Aerosonde
	#55, “Jerry”

	Payload Configuration
	2 x Vaisala RSS901

	Launch Time
	1800Z on 24 August, 2001

	Landing Time
	1402Z on 25 August, 2001

	Flight Duration
	20 hours 2 minutes

	Flight Description
	Aerosonde “Jerry” was programmed with a large triangle shaped flight plan that was to go as far east as 74E.

During the mission, the satcom link timeout was exceeded and the aircraft aborted to a point just off the coast where it flew 20 km east-west transects for the remainder of the flight.

	Data Files
	Flight: L082453A.BIN, L082453B.BIN, E082453A.BIN

Met (UHF): L082453A.PTU, L082453A.WND, L082453B.PTU, L082453B.WND, E082453A.PTU, E082453A.WND

Met (postflight dump): A082453A.MET 

	Fuel Consumption
	~192 g/hr

	Oil Consumption
	8 cc/hr

	SATCOM data rate
	6 messages down in about 16 hours with satcom enabled.


Flight Path

Aerosonde "Jerry" completed the longest aerosonde mission (20 hrs) under satellite communications during this flight for CAMEX 4. The Aerosonde attempted to reach tropical wave "Dean", but the flight plan was cut short due to poor satcoms during a 2 hr phase of the flight.

The Aerosonde was launched at 16Z (24 Aug) and headed due east out to a holding point 25nm from Mayport under UHF communications. Satellite communications were enabled and the aerosonde was sent out towards "Dean". The Flight Path went SE from 25nm East of Mayport (30.4N, 81E) to 29N, 77E, then NE towards 30.4N, 74E. About halfway along the NE segment the aerosonded aborted back to the start point. For the remainder of the flight the aerosonde flew an 20 km east-west transect centred 30nm east of Mayport until it was recovered at Mayport at 14Z (25 Aug).



[image: image4.wmf]
Discussion

Aircraft systems OK, but satellite communications were marginal at various stages of the flight when satellites were low on the horizon. Lack of satellite communications for 2 hours triggered the aerosonde to abort back towards Mayport during the flight. Pressure, temperature, and relative humidity data are good, but the wind data was influenced by a small pitot error. The error will be removed from the wind data with post processing.

5. Sortie 4:  Tuesday August 28, 2001

Flight Objectives

· Daylight hours mission to measure low level PTU and wind data in local convective systems east of Mayport.

· Satcom evaluation for Roosevelt

Flight Data

	Aerosonde
	#22, “Roosevelt”

	Payload Configuration
	2 x Vaisala RSS901

	Launch Time
	1107Z on 28 August, 2001

	Landing Time
	2200Z on 28 August, 2001

	Flight Duration
	11 hrs

	Flight Description
	Large butterfly pattern extending 100km from Mayport at 300m ASL.

	Data Files
	Flight: L082822A.BIN, L082822B.BIN, E082822A.BIN

Met (UHF): L082822A.PTU, L082822A.WND, L082822B.PTU, L082822B.WND, E082822A.PTU, E082822A.WND

Met (postflight dump): A082822A.MET 

	Fuel Consumption
	~192 g/hr

	Oil Consumption
	8 cc/hr

	SATCOM data rate
	Satcom enabled only for 210 mins during flight.  However, it was enabled during reasonably good satellite passes.  7 messages were received at the ground, but no met reports.


Flight Path
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Discussion

· GPS resetting throughout flight.  This limited our ability for long range mission due to flight termination on lost GPS in satcom mode.

· No weather to speak of.

6. Sortie 5:  Thursday August 30, 2001

Flight Objectives

· Daylight hours mission to measure low level PTU and wind data in local convective systems east of Mayport.

· Satcom evaluation for “Elaine”

Flight Data

	Aerosonde
	#38, “Elaine”

	Payload Configuration
	2 x Vaisala RSS901

	Launch Time
	1114Z on 30 August, 2001

	Landing Time
	2237Z on 30 August, 2001

	Flight Duration
	11 hrs 23 min

	Flight Description
	Large box pattern extending 300km from Mayport at 300m ASL.

	Data Files
	Flight: L083038A.BIN, L083038B.BIN, E083038A.BIN

Met (UHF): L083038A.PTU, L083038A.WND, L083038B.PTU, L083038B.WND, E083038A.PTU, E083038A.WND

Met (postflight dump): A083038A.MET 

	Fuel Consumption
	~177 g/hr

	Oil Consumption
	2 cc/hr

	SATCOM data rate
	Satcom enabled only for 500 mins during flight.  However, it was enabled during reasonably good satellite passes.  24 messages were received at the ground, plus met data.  Flight plans successfully uplinked to aircraft.  Note, an aircraft reset turned off satcom.


Flight Path

Discussion

· Satcom particularly good in the morning when satellite passes were high in the sky.  As the afternoon wore on and satellite passes receeded on the horizon, satcom rate deteoriated.   However, satcom performance is good enough to warrant a hurricane attempt should one present itself.

· Attempted to fly out to a local band of convection about 200-300 km East of us.  Aircraft aborted home following a software reset some 2 hours after commencing eastward.  See figure below.
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7. Sortie 6:  Tuesday September 4, 2001

Flight Objectives

· Daylight hours mission to measure low level PTU and wind data in local convective systems east of Mayport.  This aircraft is equipped with KT-11 pyrometer.

· Satcom evaluation for “Cosmo” following satcom modifications

Flight Data

	Aerosonde
	#55, “Cosmo”

	Payload Configuration
	2 x Vaisala RSS901, KT-11 pyrometer

	Launch Time
	1135Z on 4 September, 2001

	Landing Time
	2231Z on 4 September, 2001

	Flight Duration
	10 hrs 56 min

	Flight Description
	Large butterfly pattern extending 80km from Mayport at 200m ASL.  Other UHF range flight plans at 300 and 200m ASL.  Flew remains of local thunderstorms as they moved east out to sea after forming along the coastline.  Did two  shallow soundings 200m – 1000m.

	Data Files
	Flight: L090455A.BIN, L090455B.BIN, E090455A.BIN

Met (UHF): L090455A.PTU, L090455A.WND, L090455B.PTU, L090455B.WND, E090455A.PTU, E090455A.WND

Met (postflight dump): A090455A.MET 

	Fuel Consumption
	~137 g/hr (much leaner than other aircraft)

	Oil Consumption
	2 cc/hr

	SATCOM data rate
	Satcom enabled only for 289 mins during flight.  24 messages were received at the ground, plus met data.  Flight plans successfully uplinked to aircraft.  Avg 12 min / data pt.


Flight Path
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Discussion

· Satcom particularly good throughout.

· Attempted to fly remains of afternoon thunderstorm as it moved eastward off the coast.  Storm system seemed to weaken with time.

[image: image8.png]NWS Doppler Radar - Short Range Base Reflex

FL

icrosoft I =181 x|

Ele Edt View Favotes Ioos Help [ =
<& Back - D @ | @earch [aFavortes PHisoy B S - H O KT
Address [ ] htp://wwm.sth.noaa.gov radar/loop/DS.p190sikjaw.shiml =] @60 || Links ”)

] Appet started

s | ok | T

St Animalion Speed
ol

Lettcick- toggl onfot; Right lck- show frame

w4
-
ri

Short Range |
Long Range | Loop

Short Range | Loop
Long Range | Loop

1-Hour Total | Loop
Storm Total | Loop

National | Loop,

Alaska | Loop
Hawail | Loop
Guam | Loop

Puerto Rico | Laop

Radars by State =

o

NWS Jacksomille, FL
Homepage

Radar Information
Credits

Disclaimer H - =l

© Inanet

Astart]|| @ <2 1) B || Rainbo.. | £)cam.| @conn.[ETNw._ Cucem..| EcaM..| @ICak. | BYUEOYR0 8%OBE ss2am





2045Z

[image: image9.png]MAGENE SN
NFR

I PESRa E R JJJW///// HH\A\\::afﬁmaﬂ .

IR e A N e o

E
2
5
A
7
y
.
7
Y
4
A
g
5
3

RSN el 3%%%%\% .

e e Ay B 5T o
T ST R Sy L 2 e L By
BN R O R Qs\\wﬁ% A ¥
(rmufiﬁw\

(S s
LN

e o e e and Sppllcctions.

<t pessible raln contamination

2.

Do 1 Sep) 2176 DN S0T-23 s AJbiek bars e

Mot 1) Tmas are GHT 2imas corapod t 30 o it svth edga — ime o gh: avath far cveroppng s at 20
Shae F




quikscat At 2118Z

8. Sortie 7:  Thursday September 6, 2001

Flight Objectives

· Daylight hours mission to measure low level PTU and wind data in local convective systems east of Mayport in conjunction with NASA DC-8.

Flight Data

	Aerosonde
	#38, “Elaine”

	Payload Configuration
	2 x Vaisala RSS901

	Launch Time
	1127Z on 6 September, 2001

	Landing Time
	2225Z on 6 September, 2001

	Flight Duration
	10 hrs 58 min

	Flight Description
	Large FP extending 120km from Mayport at 300m ASL to coincide with radar-depicted line of convection.   Then a low level (150m) FP out to 30.9N, 79.7W, south to 29.9N, 79.7W before returning to Mayport.  Radar showed that this to be a region of convection.  The DC-8 was flying longitude 79.6W at 1500-2400ft at the same time.

	Data Files
	Flight: L090638A.BIN, L090638B.BIN, E090638A.BIN

Met (UHF): L090638A.PTU, L090638A.WND, L090638B.PTU, L090638B.WND, E090638A.PTU, E090638A.WND

Met (postflight dump): A090638A.MET 

	Fuel Consumption
	~164 g/hr

	Oil Consumption
	0 cc/hr

	SATCOM data rate
	Satcom enabled only for 480 mins during flight.  36 messages were received at the ground, plus met data.  Flight plans successfully uplinked to aircraft.  Avg 13 min / data pt.


Flight Path

[image: image10.jpg]AMPI - satellite mode - live:
Fie Connect FightPlan Map Taok

New | Open

Delete| Save

Upload]

Select| Dlose

View Help Test

—| wappoint[13

Mode [Trackina

GP5
Age 357 Imin)
Longiude [FEEETAN [deg]

[

—
]

A AAC
cmmpcro@md

A
Altude
Tas
ARCMD
TAS CMD

Lattude  [NGREAN [deg) | |- Syctems:

APM
Thitte
B
Batiey
Generatar

[
mET
|
attery [T
B
e
s

Generatar

Longiude [51.4237 _ [deg]
Lattude [303519  [dea]
Vaiston [53 deal

Messages

GlobalGrams

Fosiion Reports [0
—

Reports

‘

For Help, press F1

-[o) x|
=l
N
h £
[Fuler 7575 (k] [Map 30276050 80624652 [Wouse: 29595581 0963862 Mode: [Foom 042,




Discussion

· Satcom particularly good throughout.

· Spent a good deal of time in convective region 100nm East of Mayport.
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9. Sortie 8:  Saturday September 8 – Sunday September 9, 2001

Flight Objectives

· Overnight mission (20+hrs) to measure low level PTU and wind data in convective systems east of Mayport.

· Evaluate satcom on “Jerry” after modifications

Flight Data

	Aerosonde
	#53, “Jerry”

	Payload Configuration
	2 x Vaisala RSS901

	Launch Time
	1921Z on 8 September, 2001

	Landing Time
	1624Z on 9 September, 2001

	Flight Duration
	21 hrs 03 min

	Flight Description
	Large diamond shaped flight plan with Hurricane Erin well East of Florida

	Data Files
	Flight: L090853A.BIN, L090853B.BIN, E090853A.BIN

Met (UHF): L090853A.PTU, L090853A.WND, L090853B.PTU, L090853B.WND, E090853A.PTU, E090853A.WND

Met (postflight dump): A090853A.MET 

	Fuel Consumption
	~160 g/hr

	Oil Consumption
	0 cc/hr

	SATCOM data rate
	Excellent communications - Avg 10 min / data pt.


Flight Path
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Discussion

· Satcom excellent throughout.

· Mission ‘controlled’ from Hotel room overnight.  Ground station simply laptop connected to internet.
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Data

As configured for this exercise, the Aerosonde obtained real time meteorological data, specifically pressure, temperature, humidity (PTU) and winds.  In addition, a pyrometer was carried on one of the flights to observe sea surface temperatures.  The pyrometer data can be obtained by contacting Greg Tyrrell at g.tyrrell@aerosonde.com.

The PTU data were collected using 2 Vaisala RSS901 sensors mounted under the Aerosonde wing. Carrying multiple instrument sets is seen as necessary for cross checking of data. Sensor output were corrected prior to each flight using a ground check reference as specified by the manufacturer.  RSS901 accuracies as specified by Vaisala are: P (( 0.2 hPa), T (( 0.1 C), U (( 2 %).  Aerosonde uses GPS for position that is accurate to about 10 m.  Apart from the ground check procedure, the data are raw.  

The wind data were calculated by the Aerosonde using knowledge about its ground and air relative velocities. Winds cannot be directly calculated from a vector difference between airspeed and groundspeed, because only scalar airspeed is available, along with vector groundspeed from GPS.  Winds are instead measured over the course of a turning manoeuvre which gains more information on the vector airspeed and provides a best fit using an overdetermined set of data.  This wind manoeuvre can be an S-turn, approximately 90 degree turn, or continuous circle, and typically requires 10-30 seconds of manoeuvring before a wind solution is obtained.  This manoeuvre typically provides a horizontal wind resolution of 300m. The wind algorithm has been extensively tested in simulation, and has been shown to be quite good given good input variables.  Relative GPS measurements are generally good over the small time scale of concern, although a small GPS delay affects things slightly.  Short-term inertial navigation filters remove GPS position jumps caused by switching to different satellites. . The other important input variable is the scalar true airspeed, which has proven to be the biggest problem.  An error in measured airspeed directly translates to an error in the wind measurement.  Small airspeed errors were detected during some flights and have been corrected in the data sets.  Wind data are typically accurate to 0.5 m/s.  Pressure altitude is calculated using hydrostatic balance given a reference surface pressure (updated half hourly) and is accurate to about 2-5 m.

During an Aerosonde flight, data are received at the ground station in real time via one of two communication methods (satellite or UHF).  In addition, data are stored onboard the aircraft and these data are available post flight.

Aerosonde data from CAMEX4 flights have been assembled in Microsoft Excel files.  The files contain 3 worksheets labeled Onboard Data, PTU Data and Wind Data and the data within each worksheet are described here.

Onboard Data

Data stored onboard during the flight.  Onboard storage restrictions have meant theses data are of a lower resolution than data received on the ground via UHF communications.  However, as many flights were over the UHF horizon theses data are the more complete than the UHF obtained PTU and Wind Data.

	Variable Name
	Description
	Units

	UTC date and time
	Date and time data formatted  yyyy-mm-dd hh:mm:ss from GPS
	

	utc(s)
	UTC seconds past midnight in the current UTC day from GPS
	(seconds)

	lat (deg)
	Latitude of aerosonde position from GPS
	(degrees)

	lon (deg)
	Longitude of aerosonde position from GPS
	(degrees)

	Alt (m)
	Altitude of aerosonde from GPS
	(m)

	Pl (hPa)
	Pressure measured on left RSS901 sensor
	(hPa)

	Tl (C)
	Temperature measured on left RSS901 sensor
	(deg C)

	Ul (%)
	Relative Humidity measured on left RSS901 sensor
	(%)

	Pr (hPa)
	Pressure measured on right RSS901 sensor
	(hPa)

	Tr (C)
	Temperature measured on right RSS901 sensor
	(deg C)

	Ur (%)
	Relative Humidity measured on right RSS901 sensor
	(%)

	Wwind (m/s)
	Wind comonent from the west
	(m/s)

	Swind (m/s)
	Wind component from the south
	(m/s)


PTU Data

PTU data received at the ground station via UHF communications in real time.  These data are not available when the aerosonde is flying beyond UHF line of sight.  These data are reported every 10 seconds if communications are solid.

	Variable Name
	Description
	Units

	UTC time
	Date and time data formatted  yyyy-mm-dd hh:mm:ss from GPS
	

	Latitude (deg)
	Latitude of aerosonde position from GPS
	(degrees)

	Longitude (deg)
	Longitude of aerosonde position from GPS
	(degrees)

	LW Pressure (hPa)
	Pressure measured on left RSS901 sensor
	(hPa)

	LW Temperature [C]
	Temperature measured on left RSS901 sensor
	(deg C)

	LW Humidity [%]
	Relative Humidity measured on left RSS901 sensor
	(%)

	RW Pressure [hPa]
	Pressure measured on right RSS901 sensor
	(hPa)

	RW Temperature [C]
	Temperature measured on right RSS901 sensor
	(deg C)

	RW Humidity [%]
	Relative Humidity measured on right RSS901 sensor
	(%)

	Approx Height (m)
	GPS height recorded during last wind find manouevre prior to PTU observation.  Data might be old compared to PTU data 
	(m)


Wind Data

Wind data received at the ground station via UHF communications in real time.  These data are not available when the aerosonde is flying beyond UHF line of sight.  These data are reported every time a wind finding manoeuvre is performed.  Typically a 1-5km wind finding interval was set for CAMEX4 missions.

	Variable Name
	Description
	Units

	UTC 
	Date and time data formatted  yyyy-mm-dd hh:mm:ss from GPS
	

	Latitude (deg)
	Latitude of aerosonde position from GPS
	(degrees)

	Longitude (deg)
	Longitude of aerosonde position from GPS
	(degrees)

	hgt [m]
	Altitude of aerosonde from GPS
	(m)

	S wind [m/s]
	Wind component from the south
	(m/s)

	Error of S Wind (m/s)
	Estimated error from least squares fit of wind component from the south
	(m/s)

	W wind [m/s]
	Wind component from the west
	(m/s)

	Error of W Wind (m/s)
	Estimated error from least squares fit of wind component from the west
	(m/s)

	Approx LW Pressure (hPa)
	Last recorded pressure measured on left RSS901 sensor at wind find time
	(hPa)

	Approx LW Temp (C)
	Last recorded temperature measured on left RSS901 sensor at wind find time
	(deg C)

	Approx LW Humidity (%)
	Last recorded relative humidity measured on left RSS901 sensor at wind find time
	(%)


