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OreSat0 is a Flight Heritage Mission

e OreSat (aka OreSat1) - An all-up mission for a first time satellite
group, and we’re building everything, and it's our “first satellite!” We’re
totally gonna die!

... S0 ...

e OreSat 0 - Flight Heritage for Critical Subsystems
Battery

Solar power

Communications and antennas

Bus, structure, and deployables

O

o O O

e OreSat0.5- Verify ADCS Subsystem

e OreSat 1 - Now we get on with the mission



Communication Channels



Communication Channels

Circuit end 1

Circuitend 2

UHF band
20 WPM
CW UHF band
9600 bit/sec

G3RUH / AX.25

Amateur Radio Community

Telemetry Beacon Telemetry Beacon
Morse Code APRS Packet
Mode u Mode u

Circuit end 5

UHF band
96k hit/sec
CCsSDSs

Circuit end 6

GNURadio

OreSat Operations Group

Engineering Data
Uplink/Downlink

Mode L/u



Communication Channel Design

Channel

UHF Beacon

UHF EDL

L EDL

CW

Emission
Designator

20KOF1D
96KO0F1D
120KF1D

150HA1A

Modulation
Index

0.6666667

0.5

0.5

BW (kHz)

20
96

120

BW * Time
(Product)

0.5
0.5

0.5

Bit Rate
(Bit/Sec)

9,600
96,000

120,000

Eb/No
(dB for BER)

10.7 /1074
10.9/1075

10.9/ 1075
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Spacecraft Transceiver



reSat0 Spacecraft Block Diagram

o UHF L and S band microstrps
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= OreSat 0 Subsystem [] = OreSat 1 Subsystem

ST STM32F046KG 48 MHz 32 bit ARM Cortex-MO running ChibiOS
T STM32L452RE 80 MHz 32 bit ARM Cortex-M4F running ChibiOS
ST STM32F446 168 MHz 32 bit ARM Cortex-M4F running ChibiOS
Octavo OSD335x-SM 1 GHz 32 bit ARM Cortex-A8 running Linux
reSat Power Domain (power bus + 12C card power control)
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C3 Card Has Two AX5043 Transceivers

Deployable Triband
Turnstile Antenna Assembly

UHF L Band S Band Burn Wire
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L Band Downconverter and Receiver

Canted Turnstile
Gain: +1.4 dBi (back)

B >
Backplane ackplar »| GPS Board
SMPM/uStrip
Loss: 0.70dB
GPS SAW Extractor
RF360 - B8666
S— I Diplexer ) Primary @ GPS - Loss: 0.8dB IF: 452 - 462 MHz
Secondary @ 1265 - Loss: 0.7dB Image' 346 - 356 MHz
Isolation: 32dB max :
AVX BP0805A1308ASTR
1220 - 1420 MHz Infineon BFP740F MiniCirc. MAC-24+
Loss: 1.0dB @ 1265 MHz Gain: 22 dB @ 1265 MHz Conversion Loss: 10 dB
5.0 dB @ 1575 MHz 21 dB @ 1575 MHz RF & IF ports matched
NF: 0.66 dB @ 1265 MHz
Current: 10 mA 5th Order
T | | LNA | > | Low-Pass
Filter
AVX BP0805A1308ASTR AVX BP0805A1308ASTR IF SAW - Qorvo 856930 Ry (Diff)
1220 - 1420 MHz Infineon BGB741L7 1220 - 1420 MHz Fc: 457.5 MHz
Loss: 1.0 dB Gain: 18 dB Loss: 1.0 dB BW: 15 MHz
NF: 1.2dB Loss: 0.9 dB
Current: 6 mA

AX5043

Synthesizer | g——————CLK(SEx 0 civer

CLK (Diff)—p|
Silicon Labs Si4112
Fout: 808 MHz @ -2.8 dBm Sensitivity for MSK at 10 BER:
Current: 8mA -106 dBm for 100 kpbs
Phase Noise: -90dBc/Hz @ 1kHz Current: 13 mA R, for 100 kbps
Stability: +/-0.8kHz (-40 to +85)
TCXO

Taitien TYKTBLSANF
Clipped S.W. - 16.000000 MHz
Stability: +/-1.0 ppm (-40 to +85)
Phase Noise: -135dBc/Hz @ 1kHz
Current: 1.5mA



UHF Transceiver

Canted Turnstile
Gain: +1.4 dBi (back)

Backplane
SMPM/uStrip

Loss: 0.41dB

L——ANT.

Linear Tech. LTC5534 B Siitind] et
i i s
6008 linear dynamic range (dBm) |Direction| VSWR | RL (dB) |In (dBm) v)
42mV/dB, Currentt: 7mA 0 FWD 3 = 54 0.30
0 REV 1.10 26 -60 0.20
1008 $ LogRF | pe oma)
Detector +35 FWD - - -19 175
—_— 1 +35 REV 5.83 3 -2 245
30dB % Log RF
3 *| Detector DCruo (to M4)
Time-Out- ’
Reverse Forward [ Timer Clear (high - from M4)
-24dB Enable.
Qorvo TQP7M9105
Gain: +23dB @ 436.5 MHz
Current: 380mA @ 5.0V for +30dBm output
-t PA <
MiniCirc. BDCN-20-13+
Loss: 0.18dB Enable (high) 5th Order
Low-Pass
( ——Enable (high - from M4) Filter
\ A
RF1
Qorvo QPC1022
Loss: 0.2dB
i Tx (SE)
Tx = hig
T PTT.
——CTRL Ry = low (default) AX5043

/Enable (low)

I

Custom 3rd Order BPF
Fc: 436.5 MHz
BW: 40 MHz
Loss: 1.2dB

Enable (high - from M4)

Infineon BFP843F
Gain: 21dB
NF: 0.8 dB

Current: 6 mA

= [ L

Custom 3rd Order BPF
Fc: 436.5 MHz
BW: 40 MHz
Loss: 1.2dB

—Rx (Diff)—»| Transceiver

CLK (Diffy=1

Sensitivity for MSK:
-108 dBm for 100 kpbs
Current: 9 mA Rx for 100 kbps
8 mA Tx for 0 dBm
20 mA Tx for +10 dBm

TCXO

Taitien TYKTBLSANF
Clipped S.W. - 16.000000 MHz
Stability: +/-1.0 ppm (-40 to +85)
Phase Noise: -135dBc/Hz @ 1kHz
Current: 1.5mA
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Canted Turnstile Antenna
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Turnstile Antenna
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Beacon
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Beacon Format

ﬁAllocated - MAX: 255 bﬁes

APRS
APRS
c3

c3

c3

c3

c3

Cc3

c3

c3

c3

c3

c3

c3

c3

c3

c3

Cc3

Cc3

Cc3

Cc3

c3

c3

Cc3

c3

c3

c3

c3
Battery
Battery
Battery
Battery
Battery
Battery
Battery
Battery
Battery
Battery
Battery
Battery
Battery
Battery
Battery
Battery

Packet
Packet
Packet

WDT
eMMC
LRX
LRX
LRX
LRX
UHF TX
UHF TX FWD
UHF TX REV
UHF RX
UHF RX
UHF RX
UHF RX
FW Bank
CAN1
CAN2
OPD
OPD
Pack 1
Pack 1
Pack 1
Pack 1
Pack 1
Pack 1
Pack 1
Pack 1
Pack 1
Pack 1
Pack 1
Pack 1
Pack 1
Pack 1
Pack 1
Pack 1

Data type identifier
Revision

Craft ID

OreSat0 State
Uptime

Time
Temperature
Ref voltage
Vbusp Voltage
Vbusp Current

# timeouts

% full

Bytes received
Valid packets
RSSI

PLL Lock
Temperature
Forward power
Reverse power
Bytes received
Valid packets
RSSI

PLL Lock
Current and next bank
State

State

Current

State

VBatt

VCell

VCell Max

VCell Min

VCell 1

VCell 2

VCell Avg
Temperature
Temperature Avg
Temperature Max
Temperature Min
Current

Current Avg
Current Max
Current Min
State

UINT8
UINT8
UINT8
State
UINT32
UINT32
INT8
UINT8
UINT8
UINT8
UINT16
UINT8
UINT32
UINT32
UINT8
State
INT8
UINT16
UINT16
UINT32
UINT32
UINT8
State
State
State
State
UINT8
UINT8
UINT16
UINT16
UINT16
UINT16
UINT16
UINT16
UINT16
INT16
INT16
INT16
INT16
INT16
INT16
INT16
INT16
UINT8

3 ASCII String
1 Count
1
1 State
4 Seconds
4 Seconds
1 deg C
1002V
1002V
10.02mA
2 Count
1 % (0 - 100)
4
4
1 dBm
1 Lock state
1degC
2 dBm
2 dBm
4
4
1 dBm
1 Lock state
il
1 State
1 State
1 0.02mA
1 Bit field
2 mvV

mV

mV

mV

deg C

mA
mA
Bit field

"{{z" User-Defined APRS packet format

revision 2

Unique ID for Satellite (0 = OreSat0)

Character representing C3 critical state

Stick at OxFFFFFF if we reach 194 days of uptime :)

SCET coarse / UNIX timestamp

Internal temp of the C3's STM32F439

Reference voltage on the C3's ADC (should be VCC = 3.3V)
WAIT WHAT?! HOW DOES THE C3 KNOW THE BUS VOLTAGE?!!
"VBUS_ILIM" from U4 (TS59621 with 3.1k resistor)

Stored in FRAM; Stick at OxFFFF until reset from ground

0 : AX5043 PLL Lock; 1 : Downconverter synth PLL lock; More space in bit field available

"UHF_LOG_RF_FWD" from U32; Scaled to usable dBm range
"UHF_LOG_RF_REV" from U33; Scaled to usable dBm range

Why

Of last packet received;-126 to -45 dBm range; 1 dB step; after LNA, filters, and digital channel filter.
0: AX5043 PLL Lock; More space in bit field available

Operational/High # errors/Other CAN status?
Operational/High # errors/Other CAN status?
"OPD_ILIM" from U? (MAX? with ?k resistor)
Which OPDs are currently on

Total battery pack voltage

Lowest cell in the pack: voltage

Lowest cell in the pack: maximum voltage (since ... last charge?)
Lowest cell in the pack: minimum voltage (since ... last charge?)
Cell 1 voltage

Cell 2 voltage

Lowest cell in the pack: average voltage (since ... last charge?)
\Why is this a INT16 instead of an INT8?

this a INT16 instead of an INTS?
Why is this a INT16 instead of an INTS?

Why is this a INT16 instead of an INT8?
Instantaneous current

Average current

Max current

Min current

Bit 0: heater on/off , B1: discharge disabled, B2: charge disabled, B3: discharge status, B4: charge statu:
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C3
C3
C3
C3
C3
C3
C3
C3
C3
C3
C3
C3

eMMC

L RX

L RX

L RX

L RX

UHF TX

UHF TX FWD
UHF TX REV
UHF RX
UHF RX
UHF RX
UHF RX

Beacon Format

% full

Bytes received
Valid packets
RSSI

PLL Lock
Temperature
Forward power
Reverse power
Bytes received
Valid packets
RSSI

PLL Lock

UINT8
UINT32
UINT32
UINT8
State
INT8
UINT16
UINT16
UINT32
UINT32
UINT8
State

1 % (0-100
4

4

1 dBm

1 Lock state
1 degC

2 dBm

2 dBm

4

4

1 dBm

1 Lock state

sl

0 : AX5043 PLL Lock; 1: Do

"UHF_LOG_RF_FWD" from
"UHF_LOG_RF_REV" from |

Of last packet received;-126
0 : AX5043 PLL Lock; More s
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Transition Between Beacon and EDL



Power On

(B) Pre-Deploy

Critical Systems
State Diagram

Notes:

+ TXEnable Cmd resets TX Timeout counter
« BAT Good is a C3 controlled value that depends on battery

condition
« EDL Timeout (T/O) is the time after last valid EDL RX to leave
Time Elapsed l EDL mode
~

(C) Deploy

Actuate Deploy

Deployed OR 3 Attempts p,

TX Enabled and
BAT Good

TX Disabled

(D) Standby

— (Listen) 5T L
8 238 gy 2
To 0@ 3 m
= 20 o8 3
o= 08 © z
i < 256 =2
Q- @ = - @
X9 Bx6 o e
Ez = =
?fo

(E) Beacon
(Listen/Beacon)

Valid Eng RX
EDL T/O and (F) EDL
{TX Enabled and TX Enabled
BAT Good) 17



Transitions Between Beacon and EDL

J

£ ™
TX Enabled and .
Val e
( BAT Good (D) Standby | "2'd Eng RX
. (Listen) -
w O & -
5] - < o €8
35 ~ - 33
D= O§kE
E ni3
S a8
8 5 | wXo
\‘/ = ':Z 7
&
(E) B " Valid Eng RX :f R
. o EDL T/O and (F) EDL
(Listen/Beacon)
/,\ (TX Enabled and ‘/
N BAT Good) "

=
L TX Disabled |
J

—

TX Disable Cmd
or TX Timeaout
€—PWD ageus X 1—

( R
TX Enabled |
L 7
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UniCIOGS Ground Station



L Band Antenna (23 cm)
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Portland State University
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RF Paths

Things inside EB rooftop endlosure

SW/ Protection
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Rotator and Power Control

T 1 Progastion
Dowce
S0 deg Bidiractional ATHSK Ras H Ch Linu
Hybrid Amplifier WiFi Pi H ¢  Swmtiond
. . amLib
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= D‘— Jonsor sgnak 2 L SW [ Protacrion
: L Devdce
'l 1 Soka H
P EL Mator conteal s Position s Rock 64 .
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EL Motor : i '
'\ 5 AT Matar control .
AZ Motor H -
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Power Control Board
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Station on Engineering Building Roof
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Enclosure Containing Everything
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Station Control

Main State Switcher

Outputs
allbits: GPIO [15.0]

V-Key:
V-PTT:

S-Pwr.

SDR-Rock:
SDR-Lime:
Rot-Pwr:

. Power Up

( Kill.1 ( PwrUp
’_’ Init GPIO device
all-bits: 0x0000 allbits: 030000

Power-On

SDR-Rock: 1
SDR-Lime: 1
Rot-Pwr: 1
Delay 1 min

Band Switcher
S-Sys_Off

L Band
Transmit

UHF Band
Transmit

VHF Band
Transmit

stationd
Station Houskeeping Control Program
OreSat
G.N. LeBrasseur
31-Jul-2018

Pg1ofd

State Machine

VHF Control

put Tokens

V-Left

V-Tx-Off
Shutdown
Kill

VHF_LHCP

Temp: V-PTT:
V-PTT: 0
Delay 100 mS

VAF Ban
Transmit

VHF_LHCP.1

V-Pol: 1
Delay 100 mS

VHF_LHCP2

V-PTT: Temp

VHF_RHCP

V_Token_Switcher

Shutdown

Shutbwn

VHF_RHCP.1

V-Pol: 0
Delay 100 mS

VHF_RHCP.2

PA Cool-down
Wait 2 min

@

UHF_LHCP

U-Pol: 1

UHF_RHCP

U-Pol: 0

VHF_Trans_On

V-PTT: 1

V_Trans_Off

V-PTT:0

stationd
Station Houskeeping Control Program
OreSat
G.N. LeBrasseur
31-Jul-2018

Pg2of4
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Station Control State Machi

UHF Control

Shutdown
Kill

tputs

V-LNA:
U-Pol:
V-Pol:
U-PTT:

U-Key:

UHF_LHCP

Temp: U-PTT:
U-PTT:0
Delay 100 mS

UAF Band
Transmit

UHF_LHCP.1

U-Pol: 1
Delay 100 mS

UHF_RHCP

Shutdown

Temp: U-PTT:
U-PTT: 0

Delay 100 mS

Shutbwn

UHF_RHCP.1

U-Pol: 0
Delay 100 mS

UHF_RHCP.2

U PA Cool-down
Wait 2 min

VHF_LHCP

V-Pol: 1

VHF_RHCP

UHF_Trans_On

Ine ... continued

L Band Control

["input Tokens
VeLeft

UHF_LHCP

UHF_RHCP

L-Tx-Off
Shutdown
Kill

U-Right

Shutdown

Shutbwn

stationd
Station Houskeeping Control Program
OreSat
G.N. LeBrasseur
31-3ul-2018

Pg3of4

TBan
Transmit

L PA Cool-down
Wait 2 min

L-Tx-On

VHF_LHCP

V-Pol: 1

VHF_RHCP

V-Pol: 0

LPTT: 1

L_Trans_Off

L-PTT.0

stationd
Station Houskeeping Control Program
OreSat
G.N. LeBrasseur
31-Jul-2018

Pg4ofd
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GNU Radio Flowgraph -- Receive

Note [
Note: APRS Receiver variabies. Note: EDL Receivervariabes.

Setfor 9600 b/s Set for 96k bis

G3RUH Moduiation MSK Modulatgion
Complexity: 17.223mbal ~ AX25 Frames EDL/ CCSDS Frames:
See:

hitps:/github.comloresat/uniclogs sdr/Mlowgraphs
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435 t0 438 Mz Amateur Band Option0: 0
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GNU Radio Flowgraph -- Transmit

Note Variable
Note: UKF Transmitter 1d: b deviation
Value: 24

UHF Transmitier
Set for 96K b/s

MSK Modulatgion
EDL/ CCSDS Frames.

Set for MSK.
a subsetof BFSK

Set for BFSK

Variable
« samples_per_symbol b
Value:4

Message Debug [1

= e e Rational Resampler ations Tasampler TR
g o PDU to Tagged Stream ‘Samples/Symbok tx .._symbol Tpoletian: b Sp ) RF frequency: tx_rffrequency
dEE P o™ st . s
Port: 10025 Postamble bytes: 10 Length tag name: paciet e MSg_FRST [ | Semsitiity: mod semibvty [ Sace Sample rate: 1 samp rate
T 10¢ 8T: 300m . Oversample: Deauit
=
ed 2%
f 5 8y [ or Gui Frequency Sink
) i I} 23 Name: UHF Transt spectrum
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MSK Modulatgion
EDL/ CCSDS Frames.

Mesage Debug [

Socket PDU
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Typical Remote Workstation
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Future Considerations and Plans

CW Beacon

DVB-S2

S and X Bands

Integration with SatNOGS

How to receive a QSL card from us upon receiving our beacon



OreSat0 First Flight of OreSat

LAUNCH DETAILS

Handoff: December 12th, 2021
Launch: SpaceX Transporter-3
Launch Date: January 10th, 2022

/O
SPACEFLIGHy




More Information

A good place to start: https://www.oresat.org/

Full source at: https://github.com/oresat

More open source aerospace: https://www.pdxaerospace.org/
Contact us at aerospace@pdx.edu

QSL to KJ7SAT (Our club callsign)

Thank you!
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