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1. Background + Design Constraints
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OAERO
Motivation SVISTA

Magnetic Sensing AERO-VISTA
« Attitude Determination « Pair of 6U CubeSats
 Remote Sensing * Measure the Radio Aurora
* Planetary Science * 0.1 MHz - 15 MHz
* Space Weather  Determine RF propagation modes

w.r.t. local magnetic field

« Compare measured B-field to
magnetic maps to identify field
aligned currents

Contextualizes RF science
observations




AERO
Design Goals VISTA

Design Tar
Need a steady-state

magnetic sensing Parameter Target
technology

Size <60 cm”3 or 20 cm”2 of PCB per 3-
SWaP axis sensor
- Power <100 mW per 3-axis sensor
Requirements P
EMI Electromagnetic interference (EMI)

System Precision: “Do no harm” emissions below that already created
100 nT : by the spacecraft bus

Flight Heritage | Technology flown on previous small
satellite mission (preferably CubeSat)

Angular
Accuracy: 10° Repeatability + 50 nT or better
» Noise Error
(Precision)

Sample Rate: 10
Hz




AERO
HMC1053 VISTA

 Honeywell HMC1053 Anisotropic Magneto-Resistive
(AMR)

« 3 orthogonal measurements

- Analog small-signal differential output w 4% @ L
* Set/reset pulses swap polarity % /)J #&J

« Steady state operation -> low EMI

» Other programs (see ANDESITE or CINEMA) have e R o
used AMR for ~10 nT precision missions 2

HMC1053

Implement circuitry around
this component and

preserve its performance. XOOOC T Vdiff « =B




2. Design
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Power Supply + Filtering 10 Devices

Debug Comectors

Power ®
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AERO
Block Diagram VISTA

Magnetometer
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AERO
Component Selection VISTA

Pre-Amplifier ADC
« Parameterized fitness in four~ « Simultaneous sampling
categories:
1. Supply Voltage
2. Power

* >14 bit for dynamic range
 Low added uncertainty
« Choose: AD7771 - .

1 Key !
3. PCB Area | [ Computtonl | |
! Ste|
) (~ Circuit 1 “ :
Implementation 1 "
4. Magnetic Uncertainty
L ¥
1 Spreadsheet for Selection Evaluation
./ Circuit
 Choose LMP2022
Equations Equations
l ! RMS
Amplifier Uncertaint Amplifier / Summing
Uncertainty f———> Y — Implementation

Parameters Contibtons Details Total
Uncertainty

Components convert small- g [ Fovesotvert

Parameters

signal analog output to [ -
digital interface g —




Implementation

AERO
VISTA

Schematic Capture

-

Magnetometers
. ADC
. Bias Voltage

4 )

~

J

Magnetometer \ :

Channel Pre-ADC Filter

« Magnetometer « 50 HzLPF

+ Temp Sensor C :

*  Pre-Amplifiers +d;.

+ Set/Reset

Switch
\\ Y,

J

Layout

Magnetometer A
Magnetometer B

Shared Power Shared ADC

Temperature
Sensor A
Temperature
Sensor B

A-side
pre-amplification B-side

pre-amplification

Digital/Analog
Dividing Shield

A-side set/reset B-side set/reset
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AERO

Expected Performance VISTA

Analyze amplifier-input- Magnetometer Noise Voltage
referred noise contributions

RMS summing / integration

= N
8 8 8

[

over frequency ¥ 140
§ 120
* 0.42 uVrms £ 100
2 8o
* 10. nTrms 2 o
High frequency floor 40
. 20
dominated by pre-amp .
— 0.1 1 10 100
* 0.4 nT/y/Hz Frequency (Hz)
—@— Magnetometer = « = Pre-Amp Vnoise
Pre-Amp Inoise Rnoise
—&— ADC noise —— Total 3]
Expect to meet noise [
requirement by analysis 11




Instrument Integration

AERO
VISTA

Full PCB
* Raspberry Pi
* Power Supplies

Software

* Python
 Layers of

abstraction

Magnetometer Capture Class
Abstracts Magnetometer Data
Capture as Service

( N\
ASP_mag Class
Abstracts Magnetometer

Hardware

AD777x Class
Abstracts ADC

J

Enclosure

Mechanical
Support

EMI Shields

/ Camera
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Set/Reset Offset Calibration

AERO
VISTA

M(t) =B(t) + 0(t)
M(t) = P(t) = B(t) + O(t)
M(t) = P(t) = B'(t) + 0'(t)

M(t) — 0'(t)
P(t)

B(t) = B'(t) =

f(t)

Positive + negative
sampling for offset

Offset sample period
H H Hiettling time H }—
i t

Positive polarity
samples

estimation

Actual set/reset

waveform
S(f)
o(f)
P(f) o ) P(f)
Polarity signal convolution
is applied to B signal only
—
B(f) B(f)
f
fs f

fs

|0

w.; Y
ADC sample

A single offset
estimation

Negative
polarity samples

period

Set/reset period

— [3]

Reset state Set state

-
Switching polarity of B-field

sensitivity can remove

static instrument offset 13
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3. Measured Performance
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Measurement Setup

AERO
VISTA

* Engineering Model

* Mu Metal shielded room
« 40 dB attenuation at 0.1 Hz
 Expect noise below 10 nTpp
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VISTA

Noise Performance

Magnetometer Only

Noise Analysis

Time Domain Variation Noise Spectral Density
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AERO
Noise Performance VISTA

Camera + Magnetometer Noise Analysis
Time Domain Variation N Noise Spectral Density
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Instrument Summary VISTA

Configuration

Independent Magnetometers per
Instrument

Inter-Magnetometer Distance
Digital Interface

Supply Voltage
Magnetometer Power

Data Rate (nominal)

Size

Noise Floor

3-Axis
2

5cm

SPI + Set/Reset Input Signal

5V

160 mW total

50 SPS

20 cm” 2 single-side placement PCB

10 to 200 nTrms depending on mode
and axis
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Conclusion

AERO
VISTA

Summary

Design with HMC1053

 Wheatstone-bridge-
like
Choose Op-Amp and ADC
for minimum noise

Excess noise to be
mitigated with conops

All requirements met

Next Steps
FM instruments currently being
assembled

Expect integration with AERO +
VISTA Q3 this year

Launch of AERO-VISTA N.E.T end of
2023

To be developed for other small sat
applications?
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Questions, comments?
Email: nbelsten@mit.edu
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