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Determining the timeline of Ultra-High Speed Images of the Cordin 550-32 camera
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Abstract

A method to determine the timeline of captured iegagf the Cordin 550t
32 Ultra-High Speed Camera has been developed. Etteothis aimed a
applications that require photographic diagnostiesth the Cordin
camera, in conjunction with other diagnostic instemtation. In such
cases the synchronisation of the diagnostics ismpannt. Here, thg
camera generated info.txt file is utilised to detiere the time of each
frame with respect to the system trigger, enabkygchronisation of
images with other diagnostics such as Flash X-RaghtlGate Outputs
Data Acquisition Equipment, etc.

Introduction

Photographic diagnostics at very high frame rate200,000 frames per second) utilising rotating amirr
cameras such as the Cordin 550 Ultra-High SpeedeGa@®HSC) play an important role in the reseanth i
rapid energetic events. During this research, uarinstruments (e.g. Flash X-Ray, Data Acquisifimuipment
(DAQ), etc.) may be integrated into an experimeatadngement which is controlled by a single triggeent.
For the purpose of accurate post-processing, @gndstics need to be synchronised on a singleitimmelith
the system trigger as reference. The Cordin 550a82era generates an info.txt file, containing thente Rate,
number of Frames, Index to Trigger DisplacementstHBank and Pixel bit section, which can be used t
synchronise such an experimental arrangement.

Experimental Procedure

During experiments performed by the CSIR Landwarder®es into energetic events, experimental
arrangements fae.g. Argon Bomb characterisation, EFP surrogate charigetion and other research activities
are conducted. These studies require the integratfovarious scientific equipment and instrumemotati A
typical arrangement with various recording appar éishown in Figure 1.
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Figure 1. Typical arrangement where synchronisation of variousrecording appar atus, e.g. Camer a, Flash X-Ray
and DAQ, isrequired.
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In the set-up in Figure 1, the camera is the cdiimtgodevice and sends a trigger to the Argon Bomfiten the
camera reaches “At Speed”. As soon as the lightrgl from the Argon Bomb reaches an adequate ,level
determined by the light sensor, a firing pulseestgo the detonator on the test sample. This fisidered as
time zero () for the camera, FX and DAQ. The FX and DAQ wilgger almost immediately, with a known
instrument delay. However, due to the nature adthogg mirror cameras, the mirror can be anywhetaéen
two internal imagersH, and F,.,) at time T,.. In addition, the first image displayed by the eamis not the first
image after trigger, but rather the first imageaispecific bank of images. Figure 2 below showsesofrthe
mechanics of the Cordin550-62 (same as the Cor@i325 except that the Cordin550-32 has 4 CCD’s per
bank).
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Figure 2: Schematic illustrating the key optical elements along the Cor din550-62 optical path
(Conneely et al [1], Fig 1)

It is evident that a standard way of determining thmeline of the captured images would be helfful
combining recorded events on various apparatus.
Results

In addition to images, the Cordin550-32 generatemf.txt file with every captured event as shawrkigure
3 below.

Info
Frame Rate= 162437 fps
Frames = 32
Index to Trigger displacement = 105
First Bank = 0
Pixel Bit section -- High byte with overflow compensation

Figure 3: Cordin550-32 system generated info.txt file

The Frame RateFR) is the exact framing rate at the time of thedeigsignal: in general this is near but not
exactly the framing rate set by the operator. Tiek to Trigger DisplacementTD) indicates the mirror
position relative to the camera’s “zero point” la¢ time of the trigger signal. The First BaiB] is the CCD
bank number in which the trigger occurred. TH® value is used to calculate the timeline of thetwagu
images with respect to the system trigger. Thikaéssubject of this paper.

Discussion

ThelTD is of interest, however, the value presented @itifio.txt file was of little immediate meaning. &h
Cordin 550-32 manual [2] offered no explanationd aaquests to the Cordin Company for clarificatifrthe
ITD rendered little additional information.
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However, the comparison of mahyD and FB values of different tests revealed that th® value actually
represents the time x 10 (in us) between the calaera point” and the trigger occurrence: In therdio 550-
32 manual [2], Index Pulses are described as lygngrated when the rotating mirror passes Francardra
“zero point”). It followed that thdTD (Index to Trigger Displacement) had something tovdth the time
between the Index Pulse and the Trigger — the @stngl TD value for highei=B values and decreasingD
value for higherFR confirmed this. Dividing thd TD value by the inter frame time consistently ledthe
number of images being larger than 32, in factid@$ more. This led to the realisation thatlffié value is in
us x 10 formatin Figure 3 above thdTD is given as 105: this means that the trigger aecut0.5us from the
camera’s position zero. With this knowledge, theeline of the images w.r.t. the system trigger doog
calculated (using the information figure 3 as example):

Using theFR, the timing between frames can be calculateg é/éFR = 6.16us, and the number of frames
(images) to the trigger point aB# = 1TD/10 TF = 1.705 . The number of frame$#) will almost always

not be an integer, with the fraction being the tighbf the trigger signal between 2 framé&g &nd F; in this
example). Since the imagers in the Cordin 550-38eta are in banks of 4 each, thé:#/4 =0.43.The FB

is thus O (rounded off downwards). WH# =1.705, it means that the trigger occurred 0.70% x 4.34pus after
the first frame Ity - frame 0).

To simplify these calculations, a tool in the foofran Excel Sheet is presented in figure 4:

] | Al ]

Displayed Captured Frame  Timing from Timing from TO

Frame Number Sequence (Actual) TO(s) (us)
Enter Values from .txt file 0 16 -1.8314E-06 -1.8314
File Name: info.txt 1 17 2.1374E-06 2.1374
Frame Rate: 251969 2 18 6.1061E-06 6.1061
Index to Trigger: 693 3 19 1.0075E-05 10.0748
First Bank: 4 4 20 1.4044E-05 14.0436
5 21 1.8012E-05 18.0123
Trigger Frames Calculations 6 22 2.1981E-05 21.9811
Interframe Time:Tf 3.9687E-06 7 23 2.5950E-05 25.9498
Total Time: 1.2700E-04 8 24 2.9919E-05 29.9186
Frames from Frame 0: 17.4614517 9 25 3.3887E-05 33.8873
Trigger between Frames: 16 17 10 26 3.7856E-05 37.8560
Decimal of Frames: 0.4614517 11 27 4.1825E-05 41.8248
Time to trigger after X: 1.8314E-06 12 28 4.5794E-05 45.7935
13 29 4.9762E-05 49.7623
Trigger Bank Calculations 14 30 5.3731E-05 53.7310
Bank:FB ) 4 CORRECT BANK 15 31 5.7700E-05 57.6997
X (frame in bank): A 1 16 32 6.1668E-05 61.6685
First Frame in Bank: ) 16 17 1 6.5637E-05 65.6372
Trigger after Frame (actual)” 16 18 2 6.9606E-05 69.6060
Time TO of First Frame: -1.8314E-06 19 3 7.3575E-05 73.5747
20 4 7.7543E-05 77.5435
21 5 8.1512E-05 81.5122
22 6 8.5481E-05 85.4809
23 7 8.9450E-05 89.4497
24 8 9.3418E-05 93.4184
25 9 9.7387E-05 97.3872
26 10 1.0136E-04 101.3559
27 11 1.0532E-04 105.3247
28 12 1.0929E-04 109.2934
29 13 1.1326E-04 113.2621
30 14 1.1723E-04 117.2309
31 15 1.2120E-04 121.1996

Figure 4: Cordin550-32 timeline tool

By simply entering the frame rate, index to triggésplacement and first bank data from the infofitet the
timeline of the captured images w.r.t. the systegger is calculated and displayed per frame (ilagee
displayed frame number and actual frame sequescesamally not the same — only if the first banR.is
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Conclusion

From the previous it is clear that the info.txefdreated by the Cordin 550-32 camera gives vaduadhilitional
data, which can be used to synchronise variougdewpapparatus onto a single timeline of events.Excel
Tool has been developed and proven to assist inaloalations of such a timeline, and same wilbbganced
to become a Graphical User Interface.
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