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Detection of Meteor Streams and 
Potentially Hazardous Comets using 
CAMS* 

• History of imaging of meteors
• Meteor streams and their relation to comets
• Incidence of meteor showers and known parent 

bodies
• Detection of meteor streams and determining 

orbital parameters using CAMS
• Set up of CAMS@SA, first results, future 

development

* Cameras for All-Sky Meteor Surveillance



Edmund Halley (1656-1742)
First triangulation, bolide of 19 March 1719
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Path and altitude of 1719 bolide 
from triangulations by Halley 

"they abundantly 
evince the height 
thereof to have 
exceeded sixty English 
miles." 



Ernst Chladni 
(1756-1827)

1794 Catalogue of recorded 
observations of fireballs

1798 showed that meteors
could not be ‘explained 
from 
the accumulations in the 
upper regions of the 
atmosphere’ 



First relation of meteors as 
debris from comets

• Leonid storms of 
1799, 1833 and 
1866 – comet 55P 
Tempel-Tuttle

• Perseids in 1866 – 
comet 109P Swift-
Tuttle

• April Lyrids in 1867 
– comet C/1861 
Thatcher 



Ladislaus Weinek (1848-
1913)
First image of meteor, 27 November 1885

The two fragments of Biela's comet observed in 1846, 
drawing 
by Otto Struve.
Credit: University of Cambridge, Institute of 
Astronomy.



Lewis Elkin (1855-1922)
First images with rotating shutter, 1889



Dorrit Hoffleit (1907-2007)
Catalogued meteor images on HCO plates



Probable evolution of C/2014 S3 (PANSTARRS)
P = 860 years 

Illustration credit: ESO/L. Calçada.

Oort Cloud
ao ~ 27-36,000 AU
High inclinations 

Kuiper Belt
30<a<50 AU
i   15°

ao <10,000 AU 



Volatiles and dust
• CO, CO2, H2O
• Silicates

Formation of meteor stream



Nuclear activity for 1P Halley



Nuclear activity for several 
comets
RON and ROFF (Ferrin 2009)



Incidence of meteor streams

• Major meteor streams ~ dozen showers
• IAU Confirmed active 119 showers
• IAU Working List 790 showers
• Known parent body   36 showers
• Still leaves 754 potential showers with 

unknown parent.
• Growing list of new detections with no known 

parent.
• These showers are the smoking gun for 

potentially hazardous comets.



Name IAU No/Code Parent i q Peri
od

Jan Comae 
Berenicids

90 JCO C/1913 I Lowe 188   123

Quadrantids 10 QUA 2014 TB18 18.7 1.83 2.84
 Tucanids 108 BTU C/1976 D1 Bradfield 46.8 0.85 ~160

0
 Pavonids 120 DPA C/1907 G1 Grigg-Mellish 110.

0
0.92 162

Daytime q 
Pegasids

129 QPE 2005 EM169 10.9 0.75 4.83

Lyrids 6 LYR C/1861 G1 Thatcher 79.8 0.92 415.5
 Puppids 137 PPU 26P Grigg-Skjellerup 22.4 1.09 5.24
 Aquariids 31 ETA 1P Halley 162.

3
0.59 75.3

 Lyrids 145 ELY C/1983 H1 Iras-Araki-
Alcock

73.3 0.99 959

 Cetids * 158 CET C/1874 G1 Winnecke ? 148.
3

0.89  

 Herculids 61 TAH 73P Schwassmann-
Wachmann 3

11.2 0.97 5.44

June Boötids 170 JBO 7P Pons-Winnecke 22.3 1.24 6.32
Daytime 
Arietids

171 ARI Marsden Group ẋ=2
6

ẋ=0.
05

 

Daytime  
Taurids

173 BTA 2004 TG10 4.2 0.31 3.34

 Capricornids 1 CAP 169P NEAT = 2002 EX12 11.3 0.61 4.20
South  
Aquariids

5 SDA Marsden Group ẋ=2
6

ẋ=0.
05

 

 Casseiopeids 197 PCA 1973 NA 68.0 0.89 3.80
Perseids 7 PER 109P Swift-Tuttle 113.

5
0.96 133.3



Name IAU No/Code Parent i q Peri
od

 Indids 195 BIN C/1991 L3 Levy 19.2 0.9
8

51.3

 Draconids 73 ZDR 6P d’Arrest 19.5 1.3
6

6.56

Aug  
Capricornids

199 ADC 45P Honda-Mrkos- 
Pajdusakova

4.2 0.5
3

5.26

 Aurigids 206 AUR C/1911 N1 Kiess 148.
4

0.6
8

2497

 Leonids 212 KLE C/1917 F1 Mellish 32.7 0.1
9

145.0

Daytime 
Sextantids

221 DSX 2005 UD 28.7 0.1
6

1.44

Orionids 8 ORI 1P Halley 162.
3

0.5
9

75.3

Leo Minorids 22 LMI C/1739 K1 Zanotti 124.
3

0.6
7

 

October 
Capricornids

233 OCC D/1978 R1 Haneda-
Campos

5.9 1.1
0

5.97

October 
Draconids

9 DRA 21P Giacobini-Zinner 31.9 1.0
3

6.59

Leonids 13 LEO 55P Tempel-Tuttle 162.
5

0.9
8

33.2

Northern 
Taurids

17 NTA 2004 TG10 4.2 0.3
1

3.34

Southern 
Taurids

2 STA 2P Encke 11.8 0.3
6

3.30

Andromedids 18 AND 3D Biela 13.2 0.8
8

6.65

Dec 
Monocerotids

19 MON C/1917 F1 Mellish 32.7 0.1
9

145.0

Ursa Minorids 15 URS 8P Tuttle 55.0 1.0
3

13.61

Phoenicids 254 PHO 289P Blanpain = 2003 
WY25

5.9 0.9
6

5.32

Geminids 4 GEM 3200 Phaethon 22.3 0.1
4

1.43



Year 1995 1995 1995 1995 1995 1995 1995Mean
Month 11 11 11 11 11 11 11
Day 22.0563 22.059 22.0618 22.0632 22.0674 22.0701 22.0729
N stations 2 2 2 2 2 2 2
Stream  Mon  Mon  Mon  Mon  Mon  Mon  Mon
Mv 3 2 1 5 2 0 1 2
q (AU) 0.4803 0.4811 0.495 0.4743 0.4934 0.5087 0.4891 0.488843
e 0.9628 0.9989 1.0136 0.9824 1.0205 0.9976 0.9981 0.996271
i 133.379 134.31 134.479 133.796 134.627 134.074 134.105 134.11
omega 92.7096 91.5178 89.482 92.8136 89.4854 88.3462 90.6068 90.70877
Node 59.3156 59.3182 59.3213 59.3224 59.3269 59.3299 59.3327 59.32386
V g 61.89 62.68 63.11 62.24 63.23 62.91 62.72 62.68

alpha Monocerotids
Outbursts 1925, 1935, 1985, 1995

P>140 years



Annual radiant detections 
from CAMS An automated video surveillance of the night sky to validate minor 
showers in the IAU Working List of Meteor Showers



CAMS station at West Melton, 
NZ



Camera alignment for CAMS 
NZ 



Detection of new Volantid 
meteor shower New Year’s Eve 2015



Cameras and alignment, 
CAMS@SA
Comet Borisov meteors

Watec 902 camera
811x508 pixels
1 x 10-4 lux
Pentax 12mm f1.2 lens
FOV 30° x 25°





Double station meteors from 
Bredell
CAP CAPSDA

SPO SDA SDA



Southern delta Aquariid (SDA) observed 
on both camera 579 at Victory Park and 
camera 587 at Bredell.



CAMS@SA radiant map, 2017 
July 28/29

 Fornacis radiant

Cetus radiant

Comet Borisov radiant



Probable fireball recorded by 
two cameras at Victory Park



Conclusions

• CAMS@SA trial runs very successful
• Site selection in progress for permanent 

operation
• Will fill gaps in real time southern 

hemisphere radiant mapping due to 
unique position on the globe

• Will contribute to knowledge of showers 
from potentially hazardous comets

• Will refine trajectories of observed 
fireballs
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Ladislaus Weinek (1848-
1913)
First image of meteor, 27 November 1885

The two fragments of Biela's comet observed in 1846, 
drawing 
by Otto Struve.
Credit: University of Cambridge, Institute of 
Astronomy.
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Lewis Elkin (1855-1922)
First images with rotating shutter, 1889
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Dorrit Hoffleit (1907-2007)
Catalogued meteor images on HCO plates
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Probable evolution of C/2014 S3 (PANSTARRS)
P = 860 years 

Illustration credit: ESO/L. Calçada.

Oort Cloud
ao ~ 27-36,000 AU
High inclinations 

Kuiper Belt
30<a<50 AU
i   15°

ao <10,000 AU 
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Volatiles and dust
• CO, CO2, H2O
• Silicates

Formation of meteor stream
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Nuclear activity for 1P Halley



  

 

Nuclear activity for several 
comets
RON and ROFF (Ferrin 2009)
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Double station meteors from 
Bredell
CAP CAPSDA

SPO SDA SDA



  

 

Southern delta Aquariid (SDA) observed 
on both camera 579 at Victory Park and 
camera 587 at Bredell.



  

 

CAMS@SA radiant map, 2017 
July 28/29

 Fornacis radiant

Cetus radiant

Comet Borisov radiant



  

 

Probable fireball recorded by 
two cameras at Victory Park
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