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Flying artificial calibrator

❏ POLOCALC project 
❏ Drone based calibration
❏ mm wave source
❏ SO site (5200m asl)
❏ Photogrammetry



Cosmic Microwave Background (CMB)



CMB anisotropies

Scalar perturbation (E-mode): sourced by 
Thomson scattering

Tensor perturbation (B-mode): sourced 
by Primordial Gravitational waves

tensor-to-scalar ratio : 



Systematics & Foreground
Linear ADC

Demodulation

Bolometer 
Transfer 
Function 4K Lines

Bias Level Jumps
Dark 
Bolometers

Correlated Noise

White Noise

Data

Crosstalk

Bolometer 
Transfer 
Function

Gain Pointing
Beam

Bandpass

Sky Signal

Zodiacal 
Light

Beam 
LeakageSidelobes Orbital Dipole

Cosmic Rays

Crosstalk

POLOCALC*



POLOCALC & Absolute polarization angle

The solutionThe problem

The absolute polarization angle is the inclination of the incoming photon’s electric field vector 
(or CMB photon direction) relative to the telescope’s detector plane.

Well know attitude of the calibration source



PHOTOGRAMMETRY



SENSORS CALIBRATION - CAMERA



Sensitivity test: 
how much the 
camera 
calibration affect 
the attitude 
reconstruction

SENSORS CALIBRATION - CAMERA



SENSORS CALIBRATION - IMU

time (s)



SENSORS CALIBRATION - IMU (Kalibr)
● Rigid IMU-camera link assumed constant rotation R_CB.
● Poisson kinematics + Rodrigues → integrate gyro ω into ΔR_gyro.
● PnP solver on ChArUco board → ΔR_cam over same time window.
● Hand-eye relation → conjugation collapses to v_cam = R_CB · v_gyro.
● Wahba (1965) → weighted least-squares over rotation vector pairs.
● IRLS → iterative re-weighting to down-weight outlier frames.
● Markley (1988) → closed-form SVD solution: R̂_CB = U · diag(1,1,det(UVᵀ)) · Vᵀ.



ARS: Coordinate systems



ARS: Photogrammetry 

Position:

GPS vs Photogrammetry



Orientation:

❏ Euler’s 
angles

❏ Concerning 
Telescope - 
drone LOS

❏ Yaw → Ψ

ARS: Photogrammetry 



ATTITUDE VALIDATION - EKF
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Reproducibility
pol ang avg solution in 3 
days:

- different POI
- W or S flights
- reprojErr < 5px
- wind



What’s next?

1) Improve the hardware
2) Improve the camera calibration strategy
3) Improve the consistency among the flights and their analysis
4) Include EKF solution in the ARS (better lever-arm calibration)
5) Include in the EKF the uncertainties



Thanks! 



Backup Slides



Reprojection Error



EKF - Phases

Prediction phase:

1) Theoretical dynamic model;
2) by reading the gyroscope move 

the model in the body RF; 
3) by using the model the state 

vector is computed;
4) Update sensor noise and 

covariance computing the 
jacobian of the real world 
model.

Update phase:

1) Measured model estimate is compared to 
accelerometer values;

2) Compute the residuals between the 
theoretical and the measured model (how 
much the state vec need to shift to match 
the world)

3) Compute the gain to weight the uncertainty 
(how much we trust the sensor)

4)  Jacobian to estimate uncertainties
5) Update state vector by correcting the 

prediction
6) gain+jacobian update the covariance matrix



EKF - model


