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Mission - Recording sound of HEPTA during flight

* Human use many senses to sense our environment, but satellite sends only
numerical data and photo.

* Numerical data is takes time for human to analyze. Photo takes time to be
downlinked. Sound is easy to send and tells us more about satellite’s current
situation.

* MISSION: Analyze the activity of HEPTA during launch, deployment, and landing
using a condenser microphone. The recorded sound will be sent at real time
and stored to microSD.
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Criteria

* Minimum Success
e Record the volume of sound only (non-audible; sampling rate ~2000Hz).

* Full Success
* |dentify the point of launch, deployment, and landing from the acquired data.

e Extra Success

e Record and send audible sound of the whole launch sequence (sampling rate 4000Hz~;
c.f. phone uses sampling rate of 8000Hz).
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Mission Requirements

* In addition to bus requirements :

No. Event Requim ent Required Function verification w a
* SD can be opened N d d d
R Preparation
e Sound data can is observed £ pahse
i Function to charge from |Confim battery
R4 Stanby ti Battery voltage is 4.0V orm ore )
tanby tim e the External source is charged
R-5 pahse
R—6
) Function to send
R-7 Send the sensing startcom m and
comm ands
R-8 Launch Receive comm and, w ait for sensing
phase Save latitude, longitude, altitude,
barom etric pressure
R-18
R__19 M ission phase
R-25
R-26 Analysis phase
R-13
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Bus System Architecture

EPS(Electrical Power Supply)
Solar Switch OSIIII%CIPF I&l_lgsf:\;v P;r; Q O
array Solar/DC =SVV- o QQ P 19
Charger Flight Pin Release Detection Switch QQ
(F-SW-2) (R-SW) / /
Charge Management 5 GPS Satellites 3 . 3 V
Controller 5.0¥t 3.3¥t Ew Micro SD
converter converter ® = (Memory)
; i GND
Battery CIo5 i g o

Created by Aya Sofya
from Noun Project

Wireless
communication

N4 Ground station

SN
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SD Subsystem

o fprintf(fp, "%c", ain.read_ul16()>>8);

1. Data was read from AD Converter in HEX (O — FFFF)

2. Data was bit-shifted by 8 bit for compression (same as dividing by 256)
3. Data was converted to ASCIl and was written on SD

$LE-T" """ 0"2E§§ " =0~=([[o0dEEE |sh]QAZ+)}1ChZA0B 1 pumPu w =3 " GNnYWMNEB: s APe{30T=ERiil{pf“WOKHKR] k}E16E™= [ i 2¥EET LT 0=>7=81"&+: Tvd 2", T00E =¥ 4réd | tnfrH=1%
%-0K] o {AEEDaEGA=0T """ """ 00-D5arb0=, |%2CTFVEESOUGNGGE0A0RTIEA6EE160081602sp Lkns ZEABRGH® UB6U° £TAC~ag YWY e Ly310° £55¢tuicalihin}{z{zzhaé8E canypnt)
Gaeééedalilio NtiflvwoiebchllotvimfédE~}zzzytty |2j boEgéécictiElies0ilaioeE~Na3535856111114a |wldktieit uillzuuhedudawwCEdis"""AxrwiEaRCA uj " k|
Uaigdod~|Aacunltghn£°GuodélAhaa~tquldasZLULEIGiNNCIid600¢sticadahzuswhdEvogy |
{{{~Ea88EaaE~~Cai {imareciviéidy"FALcAIiawe\] cnAiG63AEL¢EwkrClvg [DECFD gz |
~EBAEYTV e | ¥™RE™« 0o00A00 [UImb~s Lnsqnit~& e® GioRtiies " téA{t{XHFMbAG+2 Seolugadmywuwx {NETAf1dridat0aaip] r~0AtcvTYahlpgljkf [V_ghaain

® E | ‘mérhyis " EAEAxdT Rz [BAN |wtrwéfz zOELPIDHZp~oceyéiteuf=Ro3EysmmwECa{cOKOX_glnguxwyAEdnen}z NaaNgZD; @NZb" ] _eghro &2 aTENNE33305nEATy |dckéimmtt BE

)(Ei II lF) EE *Gavhis}ANGA | z~a0¢ReebEEvpoty ] |dEb0iteeit " wgiENAaEzz}} |an-DESIaaN | 1AA |uroliks~E1i1888100000cviwytoggplube="ElNaéiecaaCwsyleidl{pnr~coiioed

yzalofngéeed-"§iAuszxnedguCciodi " §NBE-£° 6aynkr~333~vxCcid61EA° "RoCpebatmzledAvwERGE
"gef~Aaiia{~lccaaliiECNEeiitcocadadceeaalaatiicadaabztsxEenl rmictyleiriillzwuty |Nadeent™sy olwtz08606a | loco~Enioatwuuvz}CiaeiicadNiANlaiou6ecy|

1 486(: BREA} {zxyleieNzuw~diniayvrptaicabCladacxtyflcédhitkkvad®1° 68101t ° da{vre~~{yxz~EdEecN{xxz}A0aa0E |

[ ]

aalNaasadcéadr
~AENNECCOaaaaaalaaccaalittlaalEAACOUUNCAREDSGa3a aaaceetecttiitcidaaalEECARNNENDDaaEcEiicalnNbasaaalECCCCChaaaaasaactiinniitteeeééécddlECCACEDD
2 48 aNAACOaaceeaalElla3aa5aa38a30NCACEONERALY |~ADaacaadaalEACOaaU0NEAY~ANA430ERA~) } }CNGOONECEENNNEEGaa4a3NEECNDaa5a0M0a0325535550435555aa00ECN0BEA~}
¢ ﬁﬁgéééégééééﬁﬂCﬁﬁcEEEEﬂﬂﬂ555gééiiiiiiiiiaaaaéiiéééﬁéé555Sééééégééééééiié6ﬁiiééééééégﬁﬁéﬁéééééééii6666iiég55géiiiiéégg5&5a&a&&&aﬁﬁgééé;;ﬁﬁﬁ;éégggé
iiniiédasadaéiionhnoniidééiiieédadaciniiiiiiiddaaadeeiiiiedtiiiiediiiicéaddaaeiidiiiiiiinedotuniécasasaaaceiniiiiiiiiiiitcaasaaadasaaaliNCElaénond
E; l'i iifededéteisscdtiiiinesisaallaaaallali0ECECCAREDaaaa0003a4cEn00061118cA3553a0NCCENDSAa3aca53a0005 cAteeeecaaNCENGONC~|}
[ ]

{wsnmngsuuvwvsmjjhgghheekvEéd i@’/ EITIEfi—«2+(éddEzs rqpnkkiknruy~Elaaalaado£™E=

‘m§tiddica~t1lfbbbejpy~ai¢ 2in?2229=" £5240C~zwrnkigfccceghgiihd® 1°_bdeec’ \KURU" tak=, " X LB [6~hXLHDCDGKS\dhjjhjriagéiéaa| {Adide "¥n/n=
10/12/2017 “*iayvxwrgl YZam~i®0A'€fLE,§ o)=RiAa|l_SGAEDIPU[__~ZVUVVUVE|qcVPPXg iR i«=0ak Epz«EpAA[#0c~vtvx{|yqblCa59D5ajnnmkims |UEsaoed} 7
ulea] ZXX sd=0

U0%¥ "0 2=25yUD

RERFE LA . 9090

5K F WiZes2ih T 228 N/l “ISEBGLOBAL

(- ’ THE UNIVERSITY OF TOKYO

€ ST

FACULTY OF ENGINEERING
THE UNIVERSITY OF TOKYO




SD Subsystem - Data Analysis Method

* Data was recorded to SD in ASCII.
* One sampling data was recorded as single letter in ascii

* Data was changed to wav using Python package SciPy

e wav_array = np.fromfile(csv_name+'.txt', dtype=np.uint8, count=-1)
scipy.io.wavfile.write(csv_name+'.wav', sampling_rate, wav_array)

* 16.21 [seconds]/30 [loop]
* 1 [loop] = 10,000 [record]

>2_+10000 = 18507 [Hz]
16.21

 Sampling rate =
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Microphone subsystem

Ve
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Mission Sequence -

Crzate S0 File

* Continuously records sound
while waiting for a command

Reseat button

* When it receives command

from ground station, it goes into
test mode or sends telemetry data

Delete command
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Validation and Verification Testing

D@&B E B X & = @

L& N T

ort numpy 2= np .
t scipy.io.wavfile
numpy mport ¥ i
© matplotlib.pyplot == plt .

t igrlal num = 487
h
. time num = 488
.tll—:- Tame num = 489
g 7B num = 490
CSEVY_nhame = raw put rompt )
% : A num = 491
#csv_name = '1618° num = 492
name+' .txt', delimiter=',' oat num = 493
ame+ ' delim: :lambda
::rarnw: d»:-l;:n;t.e ype 9 ﬁ[t'::-r h»:—:-:': 3 num = 494
:int(x,16) ,cev_array) #for h num = 495
num = 496
Larray) ; - num = 497
num = 498
#ser = serial.Serial(’/dev/tty.usbmodem1d1Z') SE num = 499
ser ; zsri:l.Se;gaO%(‘ fdev/tty . usbserial-DNOZFOPT ') i num = SO0
Ser.bauvdrate =
data = np.zeros(100) ,{persona') num = 501
plt.ion() =3
plteLip) [UNISEC) num = 502
. am -
gi, L4 plt. plot(rlata) 5 num = 503
lin = [] s num = 504
£ = open( 'text.txt', 'w') num = 505
ile(t): num = 506
o S ns num = 507
1N = Ser.rea
i num = 508
Ln: 30 Col: 9 num = 509
num = 510 |
ﬂ Music LY
E Movies usbserial-DNO2PSPJ | 8600 8-N-1 @® 1 () RTS () DTR @ DCD
. , Connected 00:00:45 ) RX &crs @DSR @R
ﬁj tomoyukiyyamasaki e — - -
> testtt wav G Last opened Today 10:10
o testitt.txt © M T
Y iCloud Drive ~ testitt.wav ()
Deskton text.txt ]
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Flight Result: First Attempt

* No result

* Reason:

* The code was written in a bad manner; Mbed deleted and rewrote the file "text.txt’
every time it was reset.

* Reset button functioned and data was deleted upon impact of landing
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Flight Result: Second Attempt

* Changed code: checked if file ‘text%d.txt’, i existed or not, and created the first
file that did not exist.

e |t doesn’t delete file when it is reset!

* Got audible sound data at sampling rate of 18507 Hz
* Point of launch, deployment, and landing could be analyzed
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Flight Result: Second Attempt

SHoHERIRHET
(I will start the test); 35s

1.0

0.5

0.0

Sound(normalized)

-1.0
0
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Point of Launch; 63s

Deployment; 108s

Second Flight

|

Landing; 122s

|
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Flight Result: Second Attempt

e Launch;
* Deployment;
* Landing;

63s (From Launch: Os)
108s (From Launch: 45s)
122s (From Launch: 59s)

 Matches well with the data from video

* Launch — Deployment; 46s

CLTP-8 Drop test

Launch — Landing; 60s

Znd Drop

—

Family Name First Name Middle Name _ Weight[g] wind velocity [m/s]
Yamasaki Tomayuki / a a 360 2.4 50 13
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Conclusions

* Minimum Success SUCCESS!!I
e Record the volume of sound only (non-audible; sampling rate ~2000Hz).

* Full Success SUCCESS!!
* |dentify the point of launch, deployment, and landing from the acquired data.

e Extra Success

e Record and send audible sound of the whole launch sequence (sampling rate 4000Hz~;
c.f. phone uses sampling rate of 8000Hz).

* Unsuccessful Test was done in SD saving mode; data was not sent wireless
* Successful Sampling rate was much higher than Extra Success criterion.
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Recommendation and Future Work (Mission)

e Downlink recorded sound from HEPTA sd via Xbee.
* Should be easy

* Decrease the gain of the circuit
 Some sound data was going off limit

* Use a mbed with faster, higher impedance AD converter
e Faster AD converter will increase accuracy, higher impedance will decrease noise

* Send the live audio data to ground station and play real time sound

 Xbee communication? — Sampling rate may not be enough(xbee send command will slow
down the loop); converting to audio file may be difficult.

* FM transmitter? — Seems like a good way!
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Thank you!!
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Feedback and Recommendation (CLTP)

* Thank you very much for this intensive course!

* More time to design mission
* Let participant know of HEPTA’s interface, they may be able to bring their own sensor

* CDR should be more critical
* Some mission may have low possibility of success. Earlier feedback is desired.
* May be take individual consulting time to improve each participants’ mission.

e Launch can be much more efficient

* Have each participant prepare a concrete launch sequence (what program to bring from
home, what verification must be done before launch etc...)

10/12/2017 19

— - ST —
dsk? W ossokrTm (R REKETEE  cumsee?i

’ THEUNversiTYOF Tokvo e T T T N MLAETHE | 2L m shece brgineering Gonseriiem

vvvvvvvvvvvvvvvvvvv




Feedback and Recommendation (CLTP)

* Example of functions

 Some example (sample program) along with the function list would have been helpful.
 void vol(float™ bt); .... What happens to bt?

* Making action item and notice discrete

* |t was hard for me to understand if a slide was something that | had to do or something
that | should just read and understand.

e Offline IDE might have been better
e Sometimes online IDE server fails
e Can be used at launch site too

* Taking picture function should be changed to not to overwrite
* Add a line like if(fp_jpeg = fopen(fname, “r")) break;
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Feedback and Recommendation (CLTP)

* Diagram of circuit
* |n paper. | want to get the big picture of how HEPTA works.

* Parts list
 Parts list should include type number
e Parts’ bags could be labeled with Number so it is easier to find.

e Slides

e Slide number
e Subtitles are sometimes ambiguous (see next two slides)

* How can we go further?
 Where to find launch, radio module that can be used from space, how to do thermal

design etc.
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Slide Title

* Content A
* Content B
* Content C
* Content D
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Slide Title

* Content A Am | reading the same slide??
e Content E Oh, it’s a different slide!!
* Content F
* Content G
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