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GWAC system: hardware

Telescope Num for O3 Location Aperture 
(cm) FoV Filter mlimt

[Single/Stack]
Obs. mode 

for ToO

GWAC 3 / 4 Xinglong 18 25° Clear 16/17 Tiling

F-60A/B 2 Xinglong 60 10’ / 
18’ (2Kx2K) Clear, BRI 18/19 Gal. target / 

Point

30cm 1 Xinglong 30 1° Clear, BRI 16.5/17 Gal. target / 
Point

30cm F-60A/B GWAC

Mini-GWAC



GWAC system: observation strategy
GWAC image

12.4 * 12.4 deg2



GWAC system: observation strategy
Fixed Grid
Multi-observation mode
❖ Monitor mode (Routine 

Observation)
❖ Patrol mode
❖ Template mode
❖ Auto-ToO mode
❖ Manual-ToO mode
❖ Sync mode
❖ Manual mode



GWAC system: software
❖ Automatic scheduling and 

observation

❖ Realtime data reduction

❖ Powerful user support



ToO Patrol (ToP) project of GWAC
ToO Patrol (ToP) project dedicated for ToO follow-up observations 
using GWAC system
History:
❖ SVOM and LIGO signed MOU in March, 2015
❖ GWAC team followed up the GW151226
❖ We started the ToO project since April 2016 at Les Houches
❖ 1st ToP workshop at Xinglong observatory in May, 2017
❖ ToP is following up for several types of ToO

April 2016, Les Houches



1st  Workshop of ToP at Xinglong, May, 2017

ToO Patrol (ToP) project of GWAC



ToP activities: GW
GW follow-ups
During O1 run:
• GW151226
During O2 run:
• GW170104
• 6 other events
• 10 GCN circulars ( 2 

GCN circulars using 
2.16m Xinglong and 
2.4m GMG)

Mini-GWAC

• Sky map of GW151226
First observation of ToP 
with Mini-GWAC

• Sky map of GW170104
Observation started in 
minutes after the alert (2 
hours after T0)

Coverage of 84.4% 
probability

Upper limit of 11 mag

The largest probability coverage for GW170104 in shortest latency for optical band

http://www.svom.fr/en/#filter=.coulissesarticle.portfolio566load



ToP activities: Fermi/GBM GRB
First GBM/GRB trigger (531225917)

2017 Nov. 1

• Trigger Time (10:45:12.67 UTC)

• Alert arrived at 10:45:50 UTC

• Grid ID: 01110557 (Pointing RA: 11.11 DEC: 55.75)

• Observation command is sent at 10:46:01 UTC

• First image is taken at 10:47 UTC (2 minutes after trigger time)

Fermi/GBM GRB follow-
ups
Since Nov. 2017:
• 10+ events

Online data process: 
824 new sources

Online GRB filter: 

2 candidates
Human check: 
0 new credible source



• Trigger Time (11:49:15 UTC)
• Alert arrived at 11:49:52 UTC 
• Grid ID: 34180307 (Pointing RA: 341.81 DEC: 30.75)
• Observation command is sent at 11:50:21 UTC
• Taking data since (1 hour after trigger time (due to CCD 

failures))
• No new source detected
• Real GRB confirmed

ToP activities: Fermi/GBM GRB
First real Fermi/GBM GRB trigger (GRB171210A) on 2017 Dec. 10



ToP activities: Swift GRB & Neutrino
Swift GRB follow-ups
Since 2017:
• 2 GRBs
• 1 FRB
Since 2018:
• Swift GRB automatic follow-up

Neutrino follow-ups
Since 2017:
• 7 events (~30%)



ToO Patrol (ToP) project of GWAC
Instrument & ToO type

Telescope ToO type Observation strategy Status

GWAC
GW Tiling

Fermi/GBM GRB Tiling

Mini-GWAC GW Tiling

F-60A/B
Swift GRB Pointing

GW Galaxy Targeting

30cm
Neutrino Pointing

GW Galaxy Targeting

Ready No longer use Not ready



ToP GW campaign for O3 run
ToP needs to be ready for O3 run

Telescope ToO type Observation strategy Status

GWAC
GW Tiling

Fermi/GBM GRB Tiling

Mini-GWAC GW Tiling

F-60A/B
Swift GRB Pointing

GW Galaxy Targeting

30cm
Neutrino Pointing

GW Galaxy Targeting

Ready No longer use Not ready



Alert Database (ToP DB  
NAOC)

Observation dispatch  (ToP:  
operation control system 

NAOC)

Alert analizing ( ToP:  
operation control system 

NAOC)

ToP telescopes follow-up  
(GWAC observation & data 

processing system Xinglong)

Obs plan & Obs status table 
(ToP DB  NAOC)

Image & OT information table 
(GWAC DB  Xinglong)

Alert Information  (GWAC 
follow-up status monitor, 

NAOC)

Observation plan  (GWAC 
follow-up status monitor, 

NAOC)

Image & OT information  
(GWAC follow-up status 

monitor, NAOC)

Text message 
in Slack

BA Tools

ToP Central Server 
(NAOC, Beijing) 

Alert check Alert monitor Alert quick
analysis

Alert quick
decision

Alert report

GWAC ToP project 
(for O3)

GW / 
Neutrino 
Trigger

LAL,  France Telescope site 
(Xinglong) 

BA Web Server 
(NAOC, Beijing) 

Image & OT information table 
(ToP DB NAOC)

Architecture scheme

ToP GW campaign for O3 run



Alert Database (ToP DB  
NAOC)

Observation dispatch  (ToP:  
operation control system 

NAOC)

Alert analizing ( ToP:  
operation control system 

NAOC)

ToP telescopes follow-up  
(GWAC observation & data 

processing system Xinglong)

Obs plan & Obs status table 
(ToP DB  NAOC)

Image & OT information table 
(GWAC DB  Xinglong)

Alert Information  (GWAC 
follow-up status monitor, 

NAOC)

Observation plan  (GWAC 
follow-up status monitor, 

NAOC)

Image & OT information  
(GWAC follow-up status 

monitor, NAOC)

Text message 
in Slack

BA Tools

ToP Central Server 
(NAOC, Beijing) 

Alert check Alert monitor Alert quick
analysis

Alert quick
decision

Alert report

GWAC ToP project 
(for O3)

GW / 
Neutrino 
Trigger

LAL,  France Telescope site 
(Xinglong) 

BA Web Server 
(NAOC, Beijing) 

Image & OT information table 
(ToP DB NAOC)

Architecture scheme

ToP GW campaign for O3 run

• Galaxy targeting strategy
• Dynamic scheduling

• Database

• BA system



ToP GW campaign for O3 run
Preliminary BA system of ToO Patrol (ToP) project



Observing strategy and scheduling of 
ToP

Tiling strategy using GWAC



Observing strategy and scheduling of 
ToP

Gal. targeting strategy using F60A/B & 30cm
Gal ID Ranking
Gal. 1 1
Gal. 2 2
Gal. 3 3
Gal. 4 4
Gal. 5 5
Gal. 6 6
Gal. 7 7
Gal. 8 8
Gal. 9 9
Gal. 10 10

… …

Gal ID Ranking
Gal. 11 1
Gal. 12 2
Gal. 13 3
Gal. 14 4
Gal. 15 5
Gal. 16 6
Gal. 17 7

… …

Galaxy Ranking
based on:
• 3-D sky map of event
• probability of galaxy
• location of telescope
• detection capability of 

telescope
• weather or other conditions



Observing strategy and scheduling of 
ToP

Gal. targeting strategy using F60A/B & 30cm
Gal ID Ranking
Gal. 1 1
Gal. 2 2
Gal. 3 3
Gal. 4 4
Gal. 5 5
Gal. 6 6
Gal. 7 7
Gal. 8 8
Gal. 9 9
Gal. 10 10

… …

Gal ID Ranking
Gal. 11 1
Gal. 12 2
Gal. 13 3
Gal. 14 4
Gal. 15 5
Gal. 16 6
Gal. 17 7

… …

Galaxy Ranking
based on:
• 3-D sky map of events
• probability of galaxy
• location of telescope
• detection capability of 

telescope
• weather or other conditions

~50 * 3 galaxies per night 



ToP joins in the GRANDMA
GWAC team will join in the hardware and software development of 
GRANDMA



GRANDMA DATABASE

Observation scheduling and 
dispatching

follow-up  (observation & 
data processing)

GRANDMA DATABASE Obs & OT information

BA Tools

Headquarter of GRANDMA

Alert check Alert monitor Alert quick
analysis

Alert quick
decision

Alert report

GRANDMA NETWORK
Alerts

Telescope site 
(GRANDMA) 

BA Web Server 
Telescope site 
(GRANDMA) 

Telescope site 
(GRANDMA) 

Conditions (weather, 
telescope capability, 

availability, etc. )

“Hub and spoke”  
architecture scheme

ToP joins in the GRANDMA



GRANDMA DATABASE

Observation scheduling and 
dispatching

follow-up  (observation & 
data processing)

GRANDMA DATABASE Obs & OT information

BA Tools

Headquarter of GRANDMA

Alert check Alert monitor Alert quick
analysis

Alert quick
decision

Alert report

GRANDMA NETWORK
Alerts

Telescope site 
(GRANDMA) 

BA Web Server 
Telescope site 
(GRANDMA) 

Telescope site 
(GRANDMA) 

Conditions (weather, 
telescope capability, 

availability, etc. )

Architecture scheme

ToP joins in the GRANDMA

• Responsibility for the scheduler of 
GRANDMA

• Responsibility for the tiling strategy 
development

• Joint effort for the galaxy targeting strategy 
development 



GRANDMA DATABASE

Observation scheduling and 
dispatching

follow-up  (observation & 
data processing)

GRANDMA DATABASE Obs & OT information

BA Tools

Headquarter of GRANDMA

Alert check Alert monitor Alert quick
analysis

Alert quick
decision

Alert report

GRANDMA NETWORK
Alerts

Telescope site 
(GRANDMA) 

BA Web Server 
Telescope site 
(GRANDMA) 

Telescope site 
(GRANDMA) 

Conditions (weather, 
telescope capability, 

availability, etc. )

Architecture scheme

ToP joins in the GRANDMA

• Responsibility for the GRANDMA database 
development

• Responsibility for servers and data storage



GRANDMA DATABASE

Observation scheduling and 
dispatching

follow-up  (observation & 
data processing)

GRANDMA DATABASE Obs & OT information

BA Tools

Headquarter of GRANDMA

Alert check Alert monitor Alert quick
analysis

Alert quick
decision

Alert report

GRANDMA NETWORK
Alerts

Telescope site 
(GRANDMA) 

BA Web Server 
Telescope site 
(GRANDMA) 

Telescope site 
(GRANDMA) 

Conditions (weather, 
telescope capability, 

availability, etc. )

Architecture scheme

ToP joins in the GRANDMA

• Main responsibility for the GRANDMA BA 
system



Conclusion
❖ ToP project of GWAC has been and is doing several 

types of ToO follow-up observations since 2017

❖ ToP with four GWACs, two F-60A/B, one 30cm 
telescope will be prepared for GW/O3 run

❖ ToP will join in the GRANDMA with its telescopes, 
servers, database, scheduling and BA system

Thank you for your attention!



Back-up



Observing strategy and scheduling of  
GRANDMA

Dynamic Scheduling for GRANDMA network 

GW	170817A

Complexity of scheduling system



Scenario one: an event observable at several 
observatories 

Gal ID Ranking
Gal. 16 1
Gal. 17 2
Gal. 18 3
Gal. 19 4
Gal. 10 5

… …

Gal ID Ranking
Gal. 6 1
Gal. 7 2
Gal. 8 3
Gal. 9 4
Gal. 10 5

… …

Observing strategy and scheduling of 
GRANDMA

Gal ID Ranking
Gal. 1 1
Gal. 2 2
Gal. 3 3
Gal. 4 4
Gal. 5 5

… …

Gal ID Ranking
Gal. 11 1
Gal. 12 2
Gal. 13 3
Gal. 14 4
Gal. 15 5

… … ~50 * 5 galaxies per night 



Scenario two: an optical counterpart detected by one 
telescope 

Observing strategy and scheduling of 
GRANDMA

Gal ID Ranking
Gal. 1 1
Gal. 2 2
Gal. 3 3
Gal. 4 4
Gal. 5 5

… …

Gal ID Ranking
Gal. 6 1
Gal. 7 2
Gal. 8 3
Gal. 9 4
Gal. 10 5

… …

Gal ID Ranking
Gal. 11 1
Gal. 12 2
Gal. 13 3
Gal. 14 4
Gal. 15 5

… …

Gal ID Ranking
Gal. 16 1
Gal. 17 2
Gal. 18 3
Gal. 19 4
Gal. 10 5

… …



Observing strategy and scheduling of 
GRANDMA

Gal ID Ranking
Gal. 1 1
Gal. 2 2
Gal. 3 3
Gal. 4 4
Gal. 5 5

… …

Gal ID Ranking
Gal. 6 1
Gal. 7 2
Gal. 13 1
Gal. 9 4
Gal. 10 5

… …

Gal ID Ranking
Gal. 11 1
Gal. 12 2
Gal. 13 3
Gal. 14 4
Gal. 15 5

… …

Gal ID Ranking
Gal. 16 1
Gal. 13 1
Gal. 18 3
Gal. 19 4
Gal. 10 5

… …

Multi-band confirmation

Scenario two: an optical counterpart detected by one 
telescope 



Observing strategy and scheduling of  
GRANDMA

Dynamic Scheduling for GRANDMA network 
Conditions:
• weathers,
• telescope 

availability,
• visibility,
• updated skymap,
• observed target 

list
• optical candidate 

list
• etc.


