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ABSTRACT

Dark Brant sounding rocket left the Earth from the Mid-Atlantic Regional
Spaceport on Wallops Island in Virginia. On its 10-minute visit over the sky and into
the ocean it conveyed the eighth Sub-Orbital Aerodynamic Re-entry Experiment
(Soarex-8) payload. A portrayal of a portion of the trial components on this payload
were introduced in a year ago paper. The components portrayed (the exobase, ZigBee
remote sensor net, and Iridium short message correspondences) were all effective. The
Soarex-8 group did not mean to accomplish records in this try. We were endeavouring
to build up a minimal effort strategy to downlink rapid information from little rocket.
We will rehash this trial as a feature of a future little rocket dispatch from the
International Space Station sooner rather than later. We will then send low casing
rate video from circle. This paper presents the strategy, process and interfaces of the
long pull Wi-Fianalyse. We examine an imaginative space camera planned at NASA
Ames Research Centre (ARC) and the camera/Wi-Fi interface. We portray the locally
available framework, control necessities, equipment particulars, interface to whatever
is left of the Soarex-8 payload and equipment combination. Flight programming was
composed to go around the handshaking necessity of Wi-Fi connections and manage
the picture stream from the camera. We portray the ground framework including the
product and how we could utilize existing receiving wire at Wallops to track and
downlink the Wi-Fi flag. At last we introduce our arrangements for future orbital and
suborbital flights.
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1. INTRODUCTION

Landing at the NASA Wallops Flight Facility (WFF) dispatch war room on seventh July at
04:00am the group was depleted from a restless night of testing and altering and worrying, the
climax of a week of 12+ hour days incorporating our payload into the rocket. At 06:15am
following a 15 minute unscheduled dispatch hold, the Terrier first stage thundered to life also,
impacted the Black Brant second stage and our Soarex- 8 payload that we invested months of
our lives expanding on a ten-minute ride through the sky towards its sea grave. We held our
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aggregate breath until pictures began to show up on the portable workstation screen. They
continued coming and in spite of the fact that it was hard to see what they appeared through
our energy we knew our indicate point Wi-Fi functioned admirably enough from 385 km to
send our video pictures without a glitch.

Little rocket have immense potential. Multi-range imaging, scattered gap telescopes,
transiently and spatial conveyed exhibits and close development flyers are all conceivable.
Little shuttle empower understudy tests to achieve space in a savvy way. Albeit little shuttle
are able of delivering a high rate of significant information, bringing that information rational
has been an issue. Picking up range endorsement, building exclusive correspondences
frameworks and setting up a ground station lattice are overwhelming for non- governmental
substances.

2. RELATED WORK

This venture spoke to a coordinated effort between Soarex, TechEd Sat and Phone Sat, three
fruitful projects at NASA Ames Research Centre each with a glad history. The Sub-Orbital
Aerodynamic Re-section Experiments (Soarex) program started at NASA Ames Research
Centre in 1998 as a "twist burrow in the sky"[1]. Soarex has since illustrated various
barometrical section, plunge and landing (EDL) vehicles [2], all flying out of NASA Wallops
Flight Facility, under the bearing of Marcus Murbach. The TechEd Sat extend started at
NASA Ames Research Centre in 2008 as a coordinated effort with San Jose State University
as an instructive venture building up a CubeSat transport. TechEd- Sat 1, propelled to the
International Space Station (ISS) on a JAXA HTYV resupply vehicle on 21 July 2012, turned
into the to start with CubeSat ever sent from the ISS, on 4 October that year[3]. TechEd Sat 2
was an interchanges try, basically an independent, battery worked Iridium modem co-
facilitated on Phone Sat 1. In TechEd sat 3P the open door was taken to endeavour this stage
to test an inventive exobase planned to quickly deorbit a little payload. This vehicle was
conveyed to the ISS by another JAXA HTV propelled on 3 August 2013, and sent on 20
November that year. The 3U CubeSat re-entered the air on 16 January 2014, just 57 days after
it deployed[4], [5]. TechEd Sat 4 enhanced this innovation, and in spite of spending over 100
days in space before sending (it propelled on an Orbital Systems Cygnus resupply vehicle on
13 July 2014, yet sending was deferred until 3 March 2015) it worked ostensibly, and
reappeared just 31 days after arrangement.

Figure 1 Phone Sat 1.0 high altitude balloon test.

The Phone Sat extend at NASA Ames Research Centre has over and over flown shuttle
made from monetarily accessible parts in space[6], [7], [8]. Beginning as a understudy extend
in the late spring of 2009, chose business equipment was put through various ecological tests
paving the way to suborbital rocket flights and high-elevation Phone Sat 1 shuttle and a Phone
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Sat 2 were propelled on the Antares A-ONE flight from NASA Wallops Flight Facility on 21
April 2013.

The Phone Sat 1 shuttle took photos with their telephone cameras and handed-off the
pictures (seen in Figure 2) back to Earth in a progression of bundles encoded in AX.25
bundles by means of UHF radio. Phone Sat 2 rockets were propelled on a Minotaur I flight
from NASA Wallops Flight Office on 20 November 2013 and a Falcon 9 flight from NASA
Kennedy Space Centre on 18 March 2014.

These flights showed the utility of monetarily accessible parts in low-Earth circle, giving
requests of extent more prominent preparing force and memory than are ordinarily accessible
in space-appraised parts. Figurel. Phone Sat 1.0 high elevation expand test. (an) Image caught
by Phone Sat Graham amid penumbra. (b) Image caught by Phone Sat 1 Ringer amid direct
daylight. Figure2. Remade pictures taken by Phone Sat 1 orbital flight.

h{};.

(a) Image caught by Phone Sat Graham amid penumbra

(b) Image caught by Phone Sat

Figure 2 Reconstructed Images

The Phone Sat 2 engineering was stretched out to incorporate GPS situating, an extra
UHF radio for crosslink correspondence what's more, a radiometer explore created by
Montana State University[9]. A bunch of eight of these shuttle have been showed to exhibit
between satellite correspondences on circle, propelling on the inaugural Super Strypi from the
Pacific Missile Range Facility in Kauai, Hawaii under the name of Edison Demonstration of
Small sat Networks (EDSN). The EDSN/Phone Sat 3 transport was then adjusted for
similarity with the ISS Nano racks Cube Sat deployed, furthermore, given a product move up
to permit more intricate intersatellite arrange operations[10]. A little group of stars called
Hubs will dispatch to the ISS on the SpaceX Falcon 9 CRS- 8 mission in late 2015,
comprising of two a greater amount of these Phone Sat 4 stages.

3. BACKGROUND CONSTRAINTS

The plan envelope was a three foot long, one foot by one foot box which was to spring
conveyed once unstable jolts discharge the nosecone at 100 km height. Mass was over
budgeted at 20 kg, permitting adaptable plan and including balance to make up the outline
edge. Range and telemetry offices were accessible according to the Wallops Flight Facility
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Range User's Handbook [11]. An extra X-band test made utilize of the NASA near Earth
Network (NEN), according to the NEN Clients' Guide [12].

4. DESIGN

Google extend Loon has proposed, and tried, conveying remote web from high height
inflatables utilizing the ISM-band. Moreover a satellite called Aeneas was subsidized by NRO
and DHS to speak with Wi-Fi-labelled dispatching compartments from circle.

5. PHONE SAT

As the Phone sat extend proceeds with, the necessities advance. The most recent emphasis of
the plan called for more prominent information/ yield (I/O) ability than was conceivable from
the past processors, to be specific Nexus One and Nexus S cell phones (Nexus S found in
Figure 3a). Thus, an exchange concentrate on was attempted to decide the most appropriate
chip for the cutting edge Phone Sat. This gave an open door to rethink the PC design inside
the shuttle. Amid this reconsideration stage, a considerable rundown was produced of
potential enhancements to the shuttle. High on this rundown was enhancing the interchanges.
Phone Sat 2 never exhibited an attractive high data rate connect, and the dispatches of its
successors EDSN and Nodes have been more than once delayed. The Micro hard radio has
more than once demonstrated disappointing to work with [13], [14].

{Intelf-' Ediscn

ik will you rmakes

Figure 3 Intel Edison board. Image courtesy of Intel

As an after effect of these exchange concentrates on, it was at last chose that the Phone
Sat venture will continue without a telephone. At first advancement kept utilizing an In Force
Snap Dragon module keeping in mind the end goal to safeguard flight legacy with the
Android programming. Be that as it may, restrictive connectors and a demand for much more
I/O pushed advancement to the Intel Edison processor, found in Figure 3. This prompted a
maintained push to port the flight programming from Android to vanilla Linux. The Phone
Sat deck was imparted to an extra correspondences analyse showing a product characterized
radio (working for this mission in the X-band) down linking symbolism from a high
determination camera created at NASA Ames, named the Ames Imaging Module (AIM). The
other decks contained the TechEd Sat aeronautics and the remote sensor arrange facilitator.

6. TECHED SAT

The TechEd Sat payload was depicted in last year's paper[15]. The essential payload
conveyed and tried was an exo-brake, to moderate the payload efficiently. This innovation is
expected to in the long run give deorbit and recuperation of tests from the International Space
Station as the Small Payload Quick Return extend. Eventually the innovation addresses future
Mars mission section innovation. The exo-brake was a Sm2 custom-made sheet of mylar, put
away in a hole in the rocket and spring-sent amid rising once the shuttle was casted off from
the dispatch vehicle. To control the exo-brake another space-to-space correspondence has
been trailed utilizing the Iridium Short Burst Data (SBD) modem. This framework had been
tried already on TechEd Sat 3p.
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7. REMOTE SENSOR SYSTEM

To screen the streamlined adequacy of the exo-brake allowing further on-circle flight tests of
enhanced plans, various remote sensor modules were planned and conveyed about the payload
body and exobrake. These modules utilized the ZigBee convention to The Zig- Honey bee
modules utilized are XBee units that interface simple sensors for temperature, pneumatic
force and quickening estimation remotely to the payload telemetry framework. The up and
coming flight will be the first occasion when we incorporate valuable flight test information
from a ZigBee remote sensor arrange. Remote sensor information will quantify the Wi-Fi is
utilized as a LAN with numerous stations achieving the web by means of a get to point,
however can be utilized as a part of different modes. We utilized an indicate point
arrangement. Ordinarily the greatest scope of Wi-Fi is around one mile since all parcels must
be recognized inside a set day and age or they are retransmitted.

Over a mile the transmission time more often than not surpasses the affirmation timeout.
We abused a couple of settings inside the Wi-Fi standard to make a half-duplex connection
permitting us to send our video to the ground. The payload transmitter was initialised into
"parcel infusion" mode, which basically sends parcels to the communicate address and
subsequently does not require an affirmation. There are numerous favourable circumstances
to utilizing Wi-Fi for space interchanges, particularly for little shuttle created by instructive
organizations.

8. WI-FI SYSTEM

Wi-Fi equipment is smaller, modest and promptly accessible. Every advanced mobile phone,
and numerous framework on-a-chip inserted PCs, have Wi-Fi worked in. The equipment and
programming are open source. The product interfaces are well known. The interface to IP
systems is institutionalized so information can descend and be sent straightforwardly over the
web. At long last furthermore, maybe in particular, Wi-Fi utilizes unlicensed range despite the
fact that authorization must be acquired for utilize it from space. Wi-Fi fuses the Barker code
or Complementary Code Keying (CCK) for blunder discovery, and Phase-Shift Keying (PSK)
balance.

9. VIDEO AND DATA HANDLING

As we were uncertain how practical our connection spending plan was, we continued
carefully by confining the connection to 1 Mbps. At this information rate the basic chipping
rate of 11chips/second gives a preparing increase of 10.4 dB. The accessibility of opensource
Linux libraries on the Intel Edison permitted basic usage of a Real-Time Transport Protocol
(RTP) stream. The Linux libraries again permitted a USB webcam to be associated with the
Edison, sending HD video utilizing the USB Video Device Class (UVC) standard. We
utilized the Video for Linux (v4l) open-source bundle to change over the video sustain to a
RTP stream.

10. TESTING

A study by Ball Aerospace has inferred that with adequate testing and smoulder in time
preceding flight, business segments can approach the unwavering quality of costly ruggedized
bespoke segments at a small amount of the cost. Therefore the COTS exhibit programs at
NASA Ames have occupied with a theory of "test early, test frequently" to guarantee that the
segments we select don't present shocks amid flight.
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11. EXPERIMENT

11.1. Flight Configuration

Our equipment design was misleadingly straightforward. Fitting our test into the tight space
designated was a noteworthy challenge as was incorporation, trying and interfacing with
power what's more, other Soarex-8 frameworks. Our equipment comprised of a little USB
camera, a shoddy Wi-Fi board, and a fix receiving wire. These were joined with a stripped
down USB centre, and controlled by means of an Intel Edison board running Linux, moreover
joined by means of the USB centre. Power was given from a 12 Volt battery from a cordless
penetrates, down converted by controllers in the TechEd Sat deck. The design was
confounded by the double capacity of the Phone Sat payload, as it was likewise sniffing the
remote sensor arrange by means of a Texas Instruments module likewise appended to the
USB centre point, which was passed by the Intel Edison and sent to an Iridium modem
through a UART.

It was proposed that the payload would be casted off from the body of the rocket by a
spring component when the nosecone was violently isolated. Another spring stacked inside
our payload would send the exobrake all the while. Our camera would then be presented to
space. Each of these discharge instruments was tried altogether preceding incorporation. Be
that as it may, the internal system was created and tried at NASA Ames Research Centre,
while the external instrument was created and tried at NASA Clobbers Flight Facility. Thus it
was difficult to test the two frameworks, in a practical vacuum environment, inside our
venture spending plan. Amid flight, the air caught inside the exobrake extended in the vacuum
of space, and brought on the payload to quietly change shape. This mutilation created
grinding against the external sending instrument, and kept the payload and the exobrake from
conveying at nosecone detachment.

11.2. Ground Data System and Software

The ground station programming comprised of a straightforward Linux script running on a
portable PC, to initialise a Wi-Fi dongle to the settings portrayed previously. The wifi dongle
demodulated the parcels what's more, passed them to the tablet. The got parcels were copied.
One arrangement of crude information was dumped straight to capacity for later post-
handling, and one set was decoded into a live video stream for constant perception. This video
stream was likewise recorded.

12. APPLICATIONS
Micro Satellite
Morifime Movements
Border Security
Forest Fires

Migratory Birds
Traffic Situations
Diversions

The status of the crops
Weather changes
Maps update
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13. EXAMINATION AND RESULTS

As said, the flag was transmitted through the skin of the rocket all through the flight. The
rocket was spin stabilised so it is trusted that the receiving wire may have been transmitting
through the whole body of the rocket for line of- locate back to the dispatch site. The Wi-Fi
bundles created by the dongle incorporated a Received Signal Strength Indicator (RSSI).
However the item documentation does not clarify the adjustment of the RSSI parameter, nor
does it appear to follow the traditional definition. A subsequent movement will be required to
altogether portray a coordinating Wi-Fi dongle in the RF lab at NASA Ames Research Centre
to comprehend the quality of the flag got.

Regardless, we received a flag all through the whole flight, which surpassed 330 km
height with a most extreme inclination scope of 385.042 km, until loss-of-flag as the rocket
passed into the great beyond. Besides, this flag was going through the rocket skin,
recommending that our assessments for the connection edge were close, if not excessively
traditionalist. This is a promising result for future orbital utilization of this innovation.

14. CONCLUSION

The Soarex-8 suborbital flight has given a solid approval for Wi-Fi from space. It would
appear that an exceptionally shoddy, simple arrangement for CubeSat’s to execute. The
institutionalized equipment furthermore, programming makes the framework unbelievably
simple to acquire and coordinate. The unlicensed correspondence band expels one of the
biggest obstacles to CubeSat improvement. A high-pick up receiving wire is required to close
the connection, yet a 2.4m allegorical dish has been appeared to be adequate and is achievable
inside a college spending plan.
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