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Mephisto Data

• Mephisto Survey (full field view， 2*2 mosaic CCD）

E2v CCD芯片：9216*9232*4
3 cameras：2*2 CCD-290 ，16bit readout

Single Exposure：9400*10000*2* 4* 3 = 720MB*3=2.10 GB 

• Pilot survey (1/4 field view，single CCD)

Pilot Andor 芯片：6144*6160， CCD-290：9232*9216（9400*10000 considering overscan region）
camera：single CCD
2 Andor+1 CCD-290 cameras，16bit readout
Single Exposure： 6144*6160*2*2 +9400*10000*2 = 72MB+72MB+174MB=318 MB
Actually single image: andor*2 + single-e2v-ccd*1 = 73MB*2 +180MB = 326M

Mephisto data will be 7 times the amount of pilots survey today！



Mephisto data flow 



Data collection 
and classification

1) Fits data collection
2) Data classification

Data preprocessing
1) Bias/dark/overscan 

correction
2) Flat correction
3) Gain and Noise estimation

Calibration files
1) Master bias
2) Master dark
3) Master flat
4) Gain and readout Noise 

estimation

Astrometric calibration
1) Reference catalog 
2) Source detection
3) WCS initialize by 

astrometry.net
4) Astrometric calibration 

by scamp

Fast photometry and 
flux calibration

Mephisto Real-time processing

background subtraction 
from sci image

Transient 
Identification and 

classification Model

TOO Model

Data quality check

gate-based parallelism program

10s 30s
12s



Input: raw CCD-quadrant image, calibration files and 
parameters

Data collection and data classification

Initial mask/flag and tag saturate 
pixels

Subtract overscan/bias/dark Bias calibration

Divide by sky flat calibration  Flat calibration

Detect/mask/flag hot pixel 

Detect/mask/flag cosmic ray and 
satellite

Estimation background, RMS 
images

Apertures  photometry

Gain and Readout Noise 
Estimation

Electronic Gain 
calibration

Derive spatially varying PSFFiltered Gaia 
catalog

Cut out stamp of PSF at image

PSF-fit photometry

Gaia XP 
catalogPhotometric calibration

Output: single-exposure images and catalogs

Astrometric calibration

Aperture  correction

Regular single-exposure data processing

Detect sources for
astrometric calibration

gate-based parallelism program
1) Preprocessing  ~80s
2) Astrometry ~30s
3)   Photometry (including psf) ~114s
4)flux calibration  12s
For 20000 stars ~5min



Mephisto data products

p Level 0 Data (Raw Data) Scientific data processing begins by reading the latest observation data 
records from the database and extracting the raw observation data (Level 0 data).

p Level 1 Scientific Data The Level 0 data undergoes preprocessing, including corrections for 
instrumental effects and removal of cosmic rays. This process involves detecting celestial objects and 
extracting important physical information such as their positions, flux, and morphology. The result of 
this data processing is Level 1 scientific data, which is used for scientific research.

p Level 2 Scientific Data The already processed Level 1 data undergoes further processing, such as 
catalog merging, image mosaicking, and estimation of additional celestial object parameters (e.g., 
stellar age, surface gravity, temperature). This forms the Level 2 data.



Mephisto data quality check 



Astrometric Calibration

Single exposure astrometric calibration precision（with GAIA DR3）
The standard precision of astrometric is ~50 mas

my_sc_tegn-39775_r_20240101170751_139.fits



Astrometric Calibration
Single exposure astrometric calibration precision（with 2MASS and Panstar）

my_sc_tegn-39775_r_20240101170751_139.fits



Photometry 

20240213_my_ztfj1406+1222_g 40 frames( 300s exposure)



Limiting magnitudes

Filter u v g r i z

Single visit
(30s) 20.45871 20.75179 21.0844 21.1567 20.3548 19.4523

Predict value
(30s) 21.0035 21.1623 21.3849 21.6146 20.7200 19.3542



LightCurve

FROM GUOWANG DU



pipeline database

FROM GUOWANG DU



Inter 10 gigabit network

Compute node 1

Local disk

Compute node 2

Local disk

Compute node 3

Local disk

Compute node 1

Local disk

…

Mephisto Inbox
Server

Mephisto
Observation

control system

Pipeline ops file-system

fileserver 1 fileserver 1

fileserver 1 fileserver 1

…

Archive
File system

Archive DB

Replicated DB

Ops DB

Mephisto
public 

webserver

Mephisto
private

webserver

Parallel message 
distribution system

Mephisto data processing infrastructure 

A highly parallelized and high-throughput data processing infrastructure integrating high-performance computing clusters, 
distributed storage, and databases (10-minute end-to-end processing).

filewall filewall

filewall



• Multi-band data processing：including Multi-band combination,
Multi-band photometry, Multi-band  catalog

• Combine more methods of photometry for more precise 
measurements （i.e. DAOPHOT）

• More efficient algorithms and programming techniques
developments for improve the quality and the processing speed 
prepared for full-view survey.

Next Tasks



THANK YOU


