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Overview

• Instrument design
• Spacecraft accommodation

• Instrument Schedule

• Focal plane and CCD
• PSF + pointing jitter + flat field
• CHEOPS passband
• Field rotation

• Instrument operations
• CHEOPS science data format

Design

Characteristics

Operations



Andrea Fortier CHEOPS Open Time Workshop: 26-27th July, Schloss Seggau 3

Payload description

Incident 
Flux
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Payload Description

Ritchey-Chretien telescope
30 cm effective aperture

Optical bandpass 330-1100 nm
On-axis carbon fiber structure 

Defocused PSF
Payload mass 60 kg

Baffle

Co
ve

r

205º



Andrea Fortier CHEOPS Open Time Workshop: 26-27th July, Schloss Seggau 5

Spacecraft Accommodation

Primary 
structure Solar 

array

Fixed 
sunshield

Star Trackers 
Optical Heads

Secondary 
Structure

S/C contractor: ECE-CASA 
Total satellite weight: 280 kg 

Telemetry: 1.2 Gbit/day (S-band) 
Pointing precision: 4”rms
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Instrument Schedule
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2016

2017-2018

Deliveries:
• BCA FM
• RAD FM
• STRUCT FM
• CCD FM

BCA: Baffle and Cover Assembly
BEE: Back End Electronics Box
EM: Engineering Model
EMC: Electromagnetic Compatibility Test
EQM: Engineering Qualification Model
FM: Flight Model
FPM: Focal Plane Module
RAD: Radiators
SEM: Sensor Electronics Module
STRUCT: Telescope Structure
TEL: Telescope (Optics + Structure)

Jan 17

Feb 18

Dec 18

Instrument 
Ready

CHEOPS 
Launch 
Ready

Feb 17

BEE
EQM

EMC

May 17 Jul 17 Oct 17Sep 17 Dec 17

TEL

FPM/SEM
EQM

BEE
FM

FPM/SEM
FM

Calibration 
Starts

EM FPM 
Training

 FPM EM
Alignment & TEL 
verification in TV

FPM EQM 
Alignment, qualification, TVTB

Optical calibration

FPM/SEM/BEE
FM Integration
TEL Alignment, 
workmanship

calibration
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Focal Plane and CCD
CHEOPS Field of View: 17’×17’ 
plate scale: 1 arcsec = 1 pixel 
CCD image section = 1024×1024 px 

Frame-transfer CCD,  
e2v CCD47-20 AIMO

Stabilized @ -40ºC to 10 mK
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Flight detector characterisation completed

Flat field knowledge better than 0.1%

Mean dark current < 0.08 e-/px/s

Detector read-out noise < 10 e-/px

More in A. Deline’s talk☛

Non-linearity (10% to 70% Full Well Capacity)

Detector non-linearity.               
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FWC of FM CCD ~132’000 e-/px
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Jitter effect
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PSF, pointing jitter and flat field
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Defocused PSF
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PSF, pointing jitter and flat field
Defocused PSF to mitigate the noise produced by the combination of 
pixel response non-uniformity and pointing precision.

1 = 10 px
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Passband and global transmission
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Passband and global transmission
Global Transmission as a function of the stellar spectral type.
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Field Rotation
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Field Rotation

=
For thermal stability the radiators are always  
opposite to the Earth
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CHEOPS Data Rate
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Image types

✁
✁

Full CCD image
Window image

Imagette
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On-board image processing methods
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Read Out Modes

To DPU

CCD Full:
0.001≤Exposure time [s]≤ 60
Read Out complete CCD= 5 s
Read Out clock= 230 kHz

CCD Window Faint:
12≤Exposure time [s]≤ 60
Read Out complete CCD= 12 s
Read Out clock= 100 kHz
Exposure and Read Out in parallel

CCD Window Bright:
1≤Exposure time [s]≤ 12
Read Out complete CCD= 1 s
Read Out clock= 230 kHz
Exposure and Read Out in parallel

CCD Window Ultrabright:
0.001≤Exposure time [s]≤ 1
Read Out complete CCD= 1 s
Read Out clock= 230 kHz
Read Out after exposure
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CHEOPS Science Data

Flexibility:

• The target star can be placed anywhere in the CCD
• Window shape: square, rectangle, circle*
• Window size: customisable
• Imagette size: customisable 
• Imagette frequency: one per exposure if texp < 5 s, otherwise stacked to 

get one every 5 s.
• Window margins:

• “image mode”
• “reduced mode”
• “total collapse mode”
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CHEOPS Data
CHEOPS data baseline model as a function of the exposure time. Minimum 
cadence 1 image/minute.

200 × 200 px

200 × 200 px
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CHEOPS Instrument:
Performance

Andrea Fortier 21
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Science Data

Ground Station
INTA- Spain

Ground Station
INTA- Spain

Example:
Target star:  V9
texp = 10 s
Image cadence: 1stacked image/min
Visit duration: 48 hours
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Science Data

Co-addition 

pixel by pixel

Ground Station
INTA- Spain

Ground Station
INTA- Spain

✁

✁ ✁✁

Te
le

co
m

m
an

ds

Te
le

m
et

ry

raw exposures

“Windowing”  (by SEM)

read-out & 
window 

generation

✁

For each exposure (by on-board 
SW):

• Imagette extraction
• Centroid
• Quick photometry
• Non-linearity corrections 

(TBC)
• Science housekeeping 

parameters 
(temperatures and 
voltages)

✁
✁
✁
✁
✁

SW 
operations

compression

• Science Data
• "Science" HK parameters
• Critical HK parameters

Stacked image

Imagettes Margins
(According to 
selected 
mode)

Compression entity 

More in M. Beck's talk☛
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(Performance) Science Requirements

SciReq 1.1

• Earth-size planets
• G5 dwarfs (T = 5500 K)
• 6 ≤ V ≤9
• Transit depth = 100 ppm
• Photometric precision ≤ 20 ppm in 6 h of integration time 

SciReq 1.2

• Neptune-size planets
• K dwarfs (T = 4500 K)
• V ≤12
• Transit depth = 2500 ppm
• Photometric precision ≤ 85 ppm in 3 h of integration time 
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Noise Contributors

Noise categories

Random noises (white noise)

Systematic/correlated noises

noise associated to one image

number of images

Noise sources
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Noise Budget

PSF, jitter and flat field
Pointing jitter

PSF

+ + Residual FF assuming a Gaussian 
distribution with ! = 0.1%
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Instrumental Noises
Read-out noise: CCD + Analog chain random noise.

If the exposure time is lower than 12 seconds, the read-out frequency is 230 kHz. Otherwise, 100 kHz. 

Quantum efficiency variability with T
From measurements, the QE variability with T is ~1 ppm/mK. The 
temperature stability is better than 10 mK. Therefore, the noise 
contribution is ~10 ppm.

CCD gain variability with T

Measurements on the flight CCD show that, for a temperature stability 
better than 10 mK, the noise contribution due to gain fluctuations with 
temperature is ~10 ppm.

CCD gain and QE variability 
with T are anti-correlated

Analog electronics stability:
CCD gain change due to bias voltages, the analog electronics ADC gain 
variations in the PSDU input voltages and the analog electronics ADC gain variations 
due to variations in temperature.
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Instrumental Noises

Dark current variation with T: negligible

Timing error: lower than 2 ppm

Quantisation noise: negligible
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Earth Strayligth

Orbit dependence

Pointing direction: RA= 8 h 6 min 6 seg and DEC= -31.5º; 
date: 4/2/2018, 08:46 h; orbit altitude 700 km
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Seasonal dependence

Assumption: SL contamination in the images 
can be eliminated with an efficiency better 
than 99%.
Noise Budget SL contamination allocation:

• 5 ppm for V=9
• 70 ppm for V=12
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PST
The PST (Point 
Source Transmission 
function) cannot be 
measured in the lab. 
It will be “measured”  
during In-Orbit 
Commissioning and 
monitored with 
dedicated M&C 
observations (see R. 
Alonso’s talk).

See D. Ehrenreich’s talk for sky coverage☛
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Noise Budget

Noises are added in quadrature

Note that contamination by background stars and stellar noise are not included in the NB.

Methodology
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Noise Budget

Noise Budget calculation
Input parameters
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Noise Budget

9

9
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Very bright stars

Read-out mode: Ultrabright
Exposure time < 1 s
Exposure repetition period: texp + 1s

Star Teff = 5500 K

V Texp = 1s Texp = 0.5 s Texp = 0.1 s

6 16.8 ppm 17.1 ppm 19.0 ppm

5 16.7ppm 16.8 ppm 17.4 ppm

4 16.7 ppm 16.7 ppm 16.9 ppm

3 16.65 ppm 16.65 ppm 16.75 ppm

2 16.65 ppm 16.65 ppm 16.7 ppm

1 16.65 ppm 16.65 ppm 16.7 ppm

Noise Budget for 6h integration time

Note that the transfer time from 
the image section to the storage 
section is 25 milliseconds.
Therefore, the shorter the 
exposure time, the lower S/N 
between the star and the smearing 
trails.

Saturation

The duty cycle is 
inefficient
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Ageing

Dark current and bad pixels

Dark current @ Beginning of Life: negligible
Dark current @ End of life: could be two orders of 
magnitude larger. This can lead to a significant increase in the 
noise budget, specially for faint stars.

Bad Pixels: hot, warm and random telegraphic pixels.
Bad pixels could affect more than 10% of the CCD pixels. Bad 
pixels that cannot be detected are particularly dangerous. 
Undetectable bad pixels could increase the noise budget in 20%.
Detectable bad pixels can be corrected and the quality of the 
lightcurve will then depend on the correction method. 

Will be monitored during the mission 
(see R. Alonso’s talk)☛
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Ageing

Charge Transfer Inefficiency (CTI) Will be monitored during the mission 
(see R. Alonso’s talk)☛

CTI will induce trails in stars. Trails of background stars will rotate in and out 
the aperture with the satellite’s orbital period.

Uncorrected CTI effect could lead to a sensitive increase of the noise budget. 
Preliminary proposed correction method limits this increase by a factor 4. 

The change in the CTI will be monitored during the mission and correction 
methods will be studied to reduce its impact.
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Conclusions

• The performance science requirements (SciReq. 1.1 and 1.2) are met. 
1. Estimated noise budget for bright stars < 20 ppm
2. Estimate noise budget for fainter stars < 85 ppm

• The instrumental noise dominates for bright stars, while the photon noise 
(and the straylight contamination)* dominates (could dominate) for fainter 
stars. 

• Exposures shorter than 1 second are possible (down to 1 millisecond). 
Although the duty cycle of this read-out mode is inefficient, it should be 
used for very bright stars in order to avoid saturation in the PSF.

• Not surprisingly, the instrument performance (specially the CCD) is 
expected to degrade with time. Monitoring and characterisation 
observations are planned to follow the evolution closely and to 
implement SW mitigation strategies when possible. 

* The straylight contamination of an image depends on the pointing
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Backup slides
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Backup slides
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Backup slides
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Backup slides
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Payload Description
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Observation activities

See R. Alonso’s talk☛
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CHEOPS Visit

See D. Ehrenreich’s talk☛


