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QHY (5L-11-M) CCD camera

for video meteor observation
Matej Korec

Maximilian Hell Observatory & Planetarium
korec@l! anet ari um sk

A newdigital camera andlens has beenteged for video meteor obsening. A Tanrton M13VG308 lens combined
with a QHY 5L-II-M digital canera provedto be the best cotination. Testobsevations have lown this to be

superior to the bet andog Watec902H2 Ultimate camera.

1 Introduction

I am a member of te Centrd European Meteor
Obsewation Network (CBEMeNt). Its basic tivity is
multi staion videometeorobsevaton. Theremrded data
is primary usel for computing amospheric and
heliocentric meteorad trgedories. For bdides in
paticular we aways try to harvest as mweh additiond
information as possble, including primary mess,
abldion, dederation, fragmentations and dso, if thereis
any red chance of a fdl, the paameters ard trajedories
of dl fragmerts, including the dark flight part. Using this
datawe try to find meteorites andhave been succedul
on a fewoccaasions. We haw al recently started sone
projeds for faint meteors and spetrosmpic obervaions.
All data are sored in the EDMOND ditabase aml after
computation the information is combined with daa from
othernetworksand is usd by vatious reseach programs.

2 Current situation

The pimary retwork equipment s now based @ cheap
and elatively sensitive anadlog cameras. Some popular
corfigurations (camera + lens) aredisplayed in Figure 1.
They include very well validated TV technologies which
were recently applied in the searity segmentwhich uses
an andog process to aitput the ddaa. Over 10 yeas a@
this was neessary for the transfer and reording of large
amourts of information because dgital techndogies
weren't powerful enough for this purpose. However, in
thelast few years faster corputers have beome avalable
and the adtiond processing that converts the anéog
output to digital has inrodued some rather unfortunate
limitations sud as:

e First, alarge portion of the ailmost urfilterable noise
causes adegralaton d the SNR factor.

e The esdutionis limited to 720 x 576 for PAL or to
640 x 480 for he NTSC stardard.

e The frame-ra¢ (exposure tine) is drictly set to 25fps
(0.04s)for PAL and30fps (003s) fa NTSC.

e A partialarly nasy issueis the interlaced video
signd, which is degadng the measurenent
predsion.

e Photometric measurementsareonly possble in 8-bit
degh.

e The dynamic rangeis relatively low, eg. ma 50db
(usudly 36db), therefore very bght meteor or balide
explosons ae notmeasurale.

e Lastbut not least, any usdle TV grébbersarehad to
buy; meny of them are nolonger manufactured aiwl
there is a similar issue regarding suficiently fag (f/1
or beter) aspelicd, precisely IR corrected lenses
(espeddlly for the most used H inch chips).

ccTv
Cameras
specifications

Hame Watec 902 H2 Utimate KPF 131HR VE 6047 EF
Sensor /2 Sony ExéView HAD | 1/3* Sony Super HAD |1 | 1/3° Sony Super HAD CCD
Resolution (px) | 752 x 562 (720x576) 582 x 500 (720x576) 960 x582 (T20x576)
Res olution (TVL) 570 500 700
Sensitivity 0.0001 IxF=14 QE76% 0.002 Ix BW, F=1.2 0.001 IxBW, F=12
SN > 40 dB (> 36 db) >50dB >50dB
Price 350 Eur+Lens 150 Eur | 80 Eur + Lens 30 Eur 60 Eur + Lens 30 Eur
CCTV Lens m‘L @
specifications B f !
Name Computar HG3808FCS Tokina M2311 Fujinon YW2.7x2 8LRAD
Properties 12°CS F=08 ASPIR | 1/3°CSF=0.98 ASP IR 1/3*CSF=0.98 ASP IR
focal length 3.8 mm varifocal 3 -8.2 mm varifocal 3- 8.2 mm

Figure 1 — Overview of currently popular configurations.

Therdore | and a fev other colleggues fromCEMeN
(Roman PFiffl in paricular) have tried to find a sitable
digital camera for meteor dbservations. | first consdered
the new geneation of DSLR with a suficient sensitive
chip and RAW HDMI video ouput. | have teded the
Canon ECS 6D, 1SO 102400 (Q.E. equivalent 56%) with
a FHshee lens, Canon EF 15mm /2.8 (180 degrees
diagondly, pretty 6mm effedive diametel), with a PCl-e
HDMI input card which was recommended by Mr.
Sonatao (author of the UFO HD capturing and aalyzing
sdtware). The lens & no longe manufactured, bu it is
stll available on the second hand maket and an
altemative eists from Zéss which is sill being
produced. The appied color masking and the noise
produdng high gan decreasse the predcted theoreticd
sendivity, but the resuts were still usalbe. However, the
main disadwaniage of this setup is the price. The cost of
mary thousands of Euwos m&kes it urviade as a
repla@mert for most d¢ the cheap analog caneras that
arecurently wsed.
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Tamron M13VG308

Imager Sze 143 = | [E i
Mourt Type Ccs \ o §§;§
Focal Length 3.0 - 8mm . et 333 .,. T
Aperture Range 1.0 - 360 513 | s
Wide  925° x 68.2° o et
Angle of View B ree 35.4° x 26.5°
(Horizontal x
Vertical) 14 Wide 68.2° x 50.6°
Tele 26.5° x 19.9° }
Focusing Range 03m- = :
Focus  Manual with Lock |
Operation Zoom Manual with Lock |
Iris DC Auto Iris
Filter Size -
Back Focus(in air) Wide 8.31 - Tele 1492 mm
Operating Voltage ity
Weight 75q
Operating Temperature -20°C - +60°C

Figure 2— Details ¢ the reconmenced Tamron lens

SPECIFICATION TABLE

CMOS Sensor
Optical Format
Effective Area
Array Format
Pixel Size
Readout Type
Shutter

Exposure Time
BIN and BIN Type
QE.

Frame Rate™?

Color/Mono

ADC

Data Rate
Dynamic Range
Telescope Inferface
IR Cut Filter

Intercept

Weight( Body Only)

Camera Size

Power Supply Mode
Power Consumption

Guide Port
USB Interface
Standard Fitlings

Optional Fittings

SIZE AND INTERCEPT

MTIMO34

1/3-inch

4.83mm (H)x3.63mm(V)

1280x960

3.75umx3.75m

Progressive Scan

Electronic Rolling Shutter (ERS )
20ps-10min

No

Color: 52%@ Blue, 62%@Green.58%@Red
Mono: 74%

30 FPS@1280%960; 44 FPS@1024x768

75 FPS@800x600;106 FPS@640x480 e
200 FPS@320%240 &
Color/Mono |
On-chip, 14 Bit ( 8 Bit Output)
24-74 5 MHz

>115dB

1.25-Inch Eyepiece Size 36

22mm, Can be Removed to Replace with other . X

D316 mm

52 mm

Color

= o] = grecn ==—blisc

(%)

QE

|
Filters ( Golor Sensor Only) J | 1%
10.4mm T50 400 450 500 530 600 gs0 709 750 800 =50 w0 95a teco 1ese WavElength (nm)
45g ( without Location Ring )
Diameter=31.6mm; Length=52mm
USB-Power
0.84W
Build in Optic Isolated Guide Port RJ11 6pint
LUSB2.0 High Speed Interface
Camera Body, Pacing Ring,USB Cable, Guide
Cable
CS Inlerface, Super Radiator, Tripod Tube,
Extension Tube

Mono

(%)

QE

wavelengthinm)

Figure 3— Detaled pararsters for cameraQHY 5L-1I-M.



Proceedingsof theIMC, Mistelbad, 2015

87

3 The Tamron M13VG308 as lens

We suwbsauently caried out testing usng dozens d
cameras ad lenses in coopeation with our colleagues
from the Polish video meaea network. The condusion
was thd there exist only one truly meggpixel aspherical
f/1 (or better) lens, which is gill being manufactured, for
a 1B inch chip camerawith awide fidd of view. It is the
Tamron M13VG3®8. Many other lenses claim similar
patameters, but the images from these lenses wre
unusdle. In sone cases be lens wasrit even good
enaigh for ananalog camera. The speificaion of the
recommendedTamronlens B shown in Figure 2.

I recomnend he vesion with a DC Iris. Dgital caneras
usudly do not have aniris port, but you canconred the
pinsfrom the DC connecbr to a4-5V power unit with a
clok progranmed to open the iris & the stat in the
evaiing and to doseit a the end o the sessin in the
morning, so a to poted the chip from direct suright.
Alterngively, it is posdble to atach a DC connector to
the seial port (RS22) pins and write a simpe saipt to
open and to dosethe iris. On areent computer, a USB
to saia converter can be used A closed iris is not fully
closed, bu is just shelded to f/360. In such a
corfiguration thechip is sufficiertly proteded from dired
swnlight.

Itis sill possble, however to observedaytime badides.In
orde to doso, it is hecessay to un amecro tha will sd
canera paametes differently for day ard night work.
The gain, in particular, must be se at a lower value for
use diring dajtime with another seting for thenight. The
tak sche&uler can beusel to run maaosor saipts & the
appopriae imes. Sonaacos UFO Capure HD progran
also offers the posshility of beng usel for daytime
ob=ervaions.

4 The QHY 5L-II-M as camera

An even more complicated issueoccured regading the
camera. After invedigating many options, the Z\O ASI
120 seened to be almog as sen#tive asarelog caneras.
It dsohas a WDM driver to function with the captring
softwae (UFO HD) thatis beang usel. The theoreic
parameers and the “indoa” tests were gad, but attempts
to dosewe neteors in he red sky faled conpletdy.

| thenborrowed a QHY 3.-1I-M. At first | was slepticd
abaut it as it has thesane chip asthe ASI 120 hut the
other eletronics, and the AD cornverter ard software in
paticular, were much beter. Hence this camera not only
produced mud beter resuts on te raal sky than did the
ASl 120, but perforned evenbeter than the most
sen#tive andog Watec 02H2U! The QE of both
camerasd almost the same, hbitthe QHY has a maoe than
2 times bdter R and, hence no naise from the ad
corversion is addel. In other words, yal can obsave
stars(and oher evens) one magnitude fainter with the
digitd QHY 5L-lI-M than with the aralog Watec
902H2U when usng identicd optics. The Q1Y 5-11 series
are chep multifunctiond caneras uable for auto

guiding, sdar ard plaretary doservetions, as éedronic
finders and lao for simple deep sky observations
Support from the ASCOM driver is standard and all ows
exposues d upto 10 minutes and it has alow dark noise
The @mera bodyis like a 125 inch eyepiece and hence
the telescope mass can cool the canera to an ambéint
temperaure withou the needfor any adive cooling. The
fast L-M versn with a high Q.E. of 74% withou color
mask is as great br ocaultationsasit is for video meeor
obsevations. The dé¢ailed paameters for this camera are
shown in Figure 3.

Most important for meteor obsevations is the high
resdution of 1280 x 960 with a fast framerate of 30fps,
115db dynanic range(twice beter then the best malog
systems) and a high Q.E. with a maximum in the visual
range but with good values dsoin the near infrared. The
bit depth, mentioned as 14hit is dso of interest and is
only usale at higher exposure times, while the 12kt can
be wsed at 15fps. Ths can improve the photometry of
meteors sigrifi cantly, when tie work on the 12 kit color-
space sugport in the capture program (UFO Capture
HD2) hess been finishel by Sondawm (the author is
working on his fundion).

The QHY 511 camea canbe bought in 2 different
equpment versions. The @mplete version is shown in
Figure 4, but for meeor dosewation the simpler and
chegoer ore issufficiert. Installation of the canera body
only requires a camera tripod and aCS mourt reduction
ring. The Tamran M13VG308 lens requires a CSmount
redudionring as vell asa Imm thin spadngringin orde
to focus with the widest field of view! Make sure that you
haveafree USB 2.0 hus when thecanera fundions a a
fast peed mode (more than 15 fps) as he canera will
needthe full speedof this interface A USB 3.0 is even
beter if this is avélable.

Figure 4— The complete vesion of the QHY 5-11 canera.

5 Some real observing test results

The a&trometical predsion measued from ted
obsevations with the sane field of view sie asis usel
by most andog obsewation set-ips, apprximatdy 80°
diagondly, is +15 arcsec. For thosewho work with UFO
sdtware the ddeg value is 0.005 (analog systems have
maximum 0.04). The precsion is sigificantly better! In
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practice itis bestto use the QHYA.-II-M with Tamran
M13VG308 with a maxima field of view of 120°
diagond on the chip. In this cese the pre¢sion would not
be sogood, but would still be mud better than on andog
sysems.

We exped that the lypetolic trajectories tha can be
incorrecly camputed for very fag meteors, when using
analog cameras, will disgpea, or atleas bereducedto a
more aceptable nunber. The plotometric precisbn at
8hit is dsovery gad. The chip senstivity is linearover
precticaly the full dynamic range. The SN for the
avaage25 may. eveits is better than 50 and for faint 5
mag. evens beter than 8. During the first doulde gation
observing ted near Rerseid maimum, my olleague
Jalub Koukal used a spetrospic grid of 10 A/pix on
his canera. Ushg agrid decreases he amera sensiitvity
significantly, but it is still able to record spectra from
stendad meteors, na just from very bright ones. He was
lucky and recorded a sgedrum for a sufficiently bright
meteor. The esdution was three tmes better than for
spetrosmpic observaions on anadog systems and the
sendtivity was alo mudh beter. Reslts from the first
andysis d this event can beseenin Figures 5 8 and9.
The dda was oly correctal for the sasitivity differences
in the obsening equipmert.

Figure 5- Persad spectrum recaded by Jakub Koukal.

In Figures 6 ad 7 you can see te images from the
digitd QHY 5L-II-M camern ard from the best arelog
canea, Waec 9®H2U fo conparisal. The \vdeo
frame-rate wes the sam, 25fps (0.04s), & were the
nunber d captured frames ard dl the opeations gplied
to the raw daa to convert this into a more presetiable
format The records were ptured oly a few minutes
apat, under te same condtions ard of course fromthe
same place The effedive digital camera lens danmeter
was 3 mm wlereas a high quality Tokina lens wih 3.6
mm diameter and 6.5mn focd length was usel on the
analog camera. The Watec has a meh smaler field of
view. It is a litle bt smaller compaed to a stamard
andog gstem The measurenent precison is indead
beter in this case. The stadard analog camera field of
view (Figure 7) is marked as aredargle in the digital
image Figure 6).

Usualy, when someéhing sesns to be damost perfed, at
least one problem must appear. The QHY 5L-II-M
camera worksfine with a kasic driver ard the origina
program EZ Ranetay developed by the manufadurer.
However, for video meeor obsgvaton it is necessay to

use a spe@l cepturing progran. UFO Cepture HD 2
which needs the WDM driver, is the only useabk
program QHYCCD dso cgeded this type of driver for
this. However, this primaily uses the RGB cobr-spae,
which is not sippotted in the UFO softvare padkage. The
canmera menufacturer has built a new version of the
WDM driver with arothe predefined olor-space
Unfortunately the daa conversion is not completdy
correct and sothe output produced is not asgood as hat
from the baic driver. The SNR is a lttle bit worse.l am
negotiating with QHYCCD ard it seemshat this problem
will be solved in the @ming weeks. The camera can be
usel for videometeor dosewring with its present setings.
You @n see ths in Figures 5and 6.

Figure 6 — A digital QHY 5L-lI-M canera mage.

Figure 7— An analog Watec 902F2U caneraimage to compare
with Figure 6.
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Figure 8- Persad spectrum recaded by Jakub Koukal.
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Figure 9— Evolution d thePerseidspectrumrecordedby Jakub Koukal.
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