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Multichannel frequency comparator VCH-315

1 Designation

The frequency comparator VCH-315 (Comparator in betow) is a controlled by Per-
sonal Computer multichannel system for frequensyainility measuring of standard frequen-
cies 5 or 10 or 10MHz.

The Comparator can be controlled from IBM/PC thitoi$s-232C and USB type inter-
faces.

The main applications of the Comparator:

 crystal and quantum frequency standards produetiaihchecking,
» time keeping systems,

 scientific measurements.
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2 Technical specifications

2.1.
(0.8-1.2)
2.2.
inputs).
2.3.
2.4.
2.5.
2.6.
2.7.
2.8.

Input signals — sine form of 5 or 10 or 108 AZvhominal frequency —
Vrms on 50 Ohm load.
Number of measuring channels — 8 (two groutis four tested and one reference

Measured relative frequency difference inrtimege+5.010°°,

Averaging time range,— from 1 s up to-10° s.

Frequency difference measurements resolutib®10*s/t .

Frequency fluctuations passbafd; (1Gt3) Hz .

Settling time — not more 4 h.

Introduced by the comparator frequency instglitwo sample Allan variance) —

o,(1) = Jani(r) +0’ (1), where:o_(r) — main error (“noise floor"whenAf/f=0);
o ,(r)— additional error (spurious phase modulation, WAiix0).

2.9. The main erroigy,(7) — not more values given in the table 2.1.
Table 2.1
Averaging time, 1 Main error, two sample Allan variance
1s 1.510°"
10's 2.010™
100 s 3.010"
1000 s and more F@*°
Notes:

settlin

1. Introduced by the comparator frequency instability is guaranteed after 4 hours
g time and additional endurance the comparator "under signals' not less than

30 min.

2. Introduced by the comparator frequency instability for averaging times 1000 s

and more is guaranteed provided that ambient temperature changes not more

than 1 °C/hour.
2.11. Additional errorg, (r) — not more 2.0 Af/f .
2.12. AC power supply voltage — (198 — 242) V, 6GO;Hz.
2.13. DC power supply voltage — (22 — 32) V.

2.14.
2.15.
2.16.
2.17.

Power consumption — not more 40 V-A.
Ambient temperature from %6 up to +4C0°C.
Weight — not more 8 kg.

Dimensions (WHxD) — 483%140x370 mm.
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3 Instrument set composition

Comparator set composition is given in the table 3.

Table 3.1

Model and designation

Quantity

Multichannel frequency comparator VCH-315

1

Power connecting cord

1

Interconnecting cable 685670.154

Interconnecting cable 685670.154-01

4
2

BNC connector

OO IW NP
19

Multichannel frequency comparator VCH-315
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411146.0180M

Multichannel frequency comparator VCH-315 Instadiat
CD

Interface RS-232C cable 685670.026

©|c

Interface cable USB 2.0 AM/BM-1.8M

[

DC power connector 2PMT14
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4 Functional diagram of the Comparator VCH-315

Simplified scheme of the Comparator is shown in Eig.

Sine signals (5;10; 100 MHz)

TESTED REF TESTED REF
Y7V W X Y7Z7ZVW X R-232

L] T i

USB 220V.

FOUR- FOUR- Z
CHANNEL CHANNEL " o
FREQUENCY FREQUENCY Q %
COMPARA- COMPARA- & n
TOR TOR m o
(Group 1) (Group 2) = %
K=1-1¢ K=1-1¢ -
B=10 Hz B=10 Hz

tyx,il tyx,i2

tzx,il tzx,i2

tvx,il tvx,i2

th,il th,i2

SIGNALS AND POWER BUS
Fig. 4.1 Simplified scheme of the Comparator VCH-315

The Comparator VCH-315 contains two identical fobannel frequency comparator
modules, which allow to measure sinusoidal sigreitgal processor module with RS-232C
and USB interfaces, and power supply module.

Four-channel comparator (see Fig. 4.2) has fowtsfor analyzed signals and one in-
put for reference signal. It consists of four REUXE FREQUENCY DIFFERENCE MUL-
TIPLIER (RFDM) modules with multiplication coeffient K=1-10°, and FOUR-CHANNEL
TIME RECORDER with resolution 10 ns.
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FREQUENCY COMPARATOR .
X ——— RELATIVE FREQUENCY DIFFER- Y
P — ENCE MULTIPLIER-1
Y N N K=1-1, B=10 Hz
99.9 MHz
CHANNEL EXPANDER
* \ 4
|, RELATIVE FREQUENCY DIFFERENCE  F,,
MULTIPLIER-2
—_p
CHANELS
—> RELATIVE FREQUENCY DIFFERENCE  Fyy Ul
MULTIPLIER-3 __~ | RECORDER
vV —> K=1-1¢°, B=10 Hz (10 ns reso-
lution)
__» RELATIVE FREQUENCY DIFFERENCE  Fyw
: MULTIPLIER-4 I\
W K=1-10°, B=10 Hz
DATA
tyx,i; tzx,i; tvx,i; th,i
Fig. 4.2Scheme of four-channel comparator

Output of multiplier module is pulse signal (fregag of this signal is close to 1 Hz).
FrequencyF of this signal contains information about frequeddference between analyzed
signalf, (orf,, f, , f,) andfy:

Fiy [Hz] = 1 +KIf, —f) /. (4.1)

HereK = 1-10° — multiplication coefficient.

Effective passband for frequency fluctuationB+10 Hz.

Pulse signals from multiplier modules go to theuitspof FOUR CHANNEL TIME RE-
CORDER, which gives on the output digitized valogésime momentd,,, t,, t,x twx contain-
ing information about corresponding phase diffeesnd=ig. 4.3 describes forming process of
digitized phase difference signals.

2
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L
[ « M=1 B < M=10

Fig. 4.3Forming of phase difference sigrglin time recorder

In Fig. 4.3F is reference 1 PPS signal, formed in time recohden signal 99.9 MHz,

which is synchronized to the reference sighdly means of PLL

Compared pulse signals are shifted in time on dlaferiod (0.5 second) at the begin-

ning of measurement.

Time recorder updates output data every secondseltiata are processed by Program
and stored on hard drive. Program can save dedindata with coefficienKg. = 1, 10, 100 or

1000 (see Subsection 10.1).
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5 Operating indicators and connectors

On the front panel of the Comparator there is pandicator only.
1 6 7 91

3 4

T® ®T® T® ® ®
T
§1° | 8% °
L ® ®® ®@le \Ie ® | |® \ \® 1 ®
el b o s
Fig. 5.1 Connectors and indicators on the rear panel
Position
F;:gngelr) Name Designation
1 ©fy Tested signal input (second group, channel 5)
2 -©fx Reference signal input (second group)
3 ©fz, ©fv, ©fw | Tested signal inputs (second group, channels 6,7
4 -©Ofy Tested signal input (first group, channel 1)
5 -©fx Reference signal input (first group)
6 ©fz, -©fv, ©fw | Tested signal inputs (first group, channels 2,3,4)
7 RS-23Z% PC interface RS-232
8 USB PC interface USB
9 CETb POWER | AC power switch
10 220V, 50 Hz, 40 V-A AC power connector
11 I[IMTAHME SUPPLY | Power voltage indicator
12 —22...32V DC power connector
13 F3,15AL Fuse holders
14 @) Safety grounding connector

9

8)
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6 Measurements preparing and testing of the Compara  tor

6.1 Measurements preparing of the Comparator

Remember that any device placed near the Compaaatbradiating signal with fre-
guency close to the working frequency of the Corafmaris a source of additional measure-
ment error.

Connect Comparator to PC by RS-232 interface cablethen Comparator switched
off. When you use USB interface there is no need to swiit off Comparator.

Warm up the Comparator not less than 4 hours.

The signal at «©fx» input of first group must always be connectedThe signal at
«®©fx» input ofsecond group should be connected to the case wherai going to use the
second group.

To provide the Comparator with DC power supply whould make DC power con-
necting cord using DC power connector 2PMT14 Coloaiset composition (see Fig. 6.2).

6.2 The Comparator’'s specification testing

6.2.1 Main error measuring.

Before measuring you may check measurement erroedoh channel. To make this
test it is necessary to supply reference (fx) astet (fy, fz, fv, fw) inputs of the Comparator
by the same signal (see Fig 6.1). Then you shaiald fequency instability measuring and
find instability, introduced by tested channel.

6.2.2 Additional error measuring.

To check additional error due to frequency diffee of tested signals it is necessary
to supply reference (fx) and three tested (fzf),inputs by the same signal, and to supply
forth (fy) tested input by the signal with relaifrequency differencaf/f;=(4.8 — 4.9)-10
(see Fig. 6.3). Start measuring for (200+£10) sraedsure Allan varianceg(1l s)for
channels 2, 3, 4, 6,7, 8.

Reconnect signal cables from tested inptsfy» to inputs «© fz» of first and second
group. Start measuring for (200£30) s and measulesn Aarianceo(1 s)for channels 1, 3, 4,
5,7,8.

Reconnect signal cables from tested inpts fz» to inputs «© fv» of first and second
group. Start measuring for (200+30) s and measlaa Aarianceg(1 s)for channels 1, 2, 4,
5, 6, 8.

Reconnect signal cables from tested inptsfy» to inputs «© fw» of first and second
group. Start measuring for (200£30) s and meaAlia@ varianceg(1 s)for channels 1, 2, 3,
5,6,7.

Measured valuer(l s)should be not more 210 >Af/f,.

10
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Attention! The torque for SMA connector must be in the rajig®& — 1.1) N-m.

Comparator ©fx |« OuT AL
VCH-315 Frequency Distribution
Ofy |« OUT A2 Amplifier NA ¢ ©B5MHz1
first group ©fz OUT A3 Sine Signal
source
Ofv g
< OUT A4 5 MHz
Ofw e OUT A5 1 Vims 0N 50 Ohm load
(quartz or quantum
Ofx e OUT B1 frequency standard)
©fy |« OuT B2
second group ©fz |« OuT B3 INB |€— ©5MHz-2
©fv |« OUT B4
Ofw g OUT B5
RS-232‘ -
usB [¢ » PC

Interface RS-232C cable 685670.026
Interface cable USB 2.AM/BM

Fig 6.1 Scheme to measure main error produced by the Cantapar

Pinout of DC power connector 2PMT14

+VDC
-VDC

Fig 6.2DC power connecting cord

11
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Comparator ©fx |« OuT AL INA |{¢— O5MHz-1
VCH-315 Frequency Distribution Quantum frequency

ofy < OUT B1 Amplifier standard

first group Ofz &----| ouTa2 f
0s
1 Vims 0n 50 Ohm load
Ofv  |&----| ouTas e
©Ofw & ----| outas
f Sine signal
Ofx 1< OUT A5 source
fo- (1+4f/f ),
< OuT B2 0 0

Oy 1« 1 Vs 0N 50 Ohm load
second group ©fz ----| ouUT A6 (quartz or quantum

OV le———-| ouTa? frequency standard)

'OfVV ¢~ ---- OUT A8 INB [€— OG5 MHz-2

RS-232
~22..32V  USB [* PC

Interface RS-232C cable 685670.026
Interface cable USB 2.AM/BM

Fig 6.3 Scheme to measure additional error due to frequdifierence of tested
signals

12
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7 Software overview

Program for Control of Multichannel Frequency Conapar VCH-315 (Program in text
below) allows to process and store data of frequerstability measurements.

System requirements: Intel Pentium-1V, 2 GHz, 512 RAM, Windows XP/Vista/7.

It is strongly recommended to select in “Controln®aRegional and Language
Options>Regional Options>Standards and formatsitéme “English (United States)”.

Comparator can be connected to Personal Compu@yr With Program installed via
RS-232C or USB interface. USB works as virtualaenterface.

If Comparator is connected to a PC via USB inteafB© NOT DISCONNECT Com
parator when Program is working!

Program allows:

reading and storing measured data from the Congrarat

calculating Allan variance and mean frequency défee,

presenting of measurement results and calculatectiéuns in diagrams,
printing diagrams.

13
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8 Calculated functions

Initial data for all calculated statistical funat® are digitized phase differencgg
which are obtained from time recorder module of @arator (see Section 4).

To get real phase difference between sigifasdX we should dividé, on the coeffi-
cient of relative frequency difference multipliét € 10°):

1
B = i (8.1)

Herei is sample number (total number of time samplé$).is
After that we can calculate relative frequency etéinces for compared signals on the
interval 7 =M seconds:

1
yyx,i :Z.(Ayx,M(Hl) _Ayx,Mi)’ (8.2)

In the text below we omit upper indeM, implying that frequency differences are
measured on the intervisl seconds.
Program allows calculating current frequency vaoie:

ny,i = yyx,i+1 - yyx,i ’ (83)

Average frequency difference on the intervil—{1)-7 seconds is calculated as follows:

_ 1 _
i _(N_l)z.(Ayx,Nr Any)

N

Yy =

N 12 (8.4)

Root mean square two-sample relative frequencyatran or Allan variance is calculat-
ed by the following formula:

N-2

N 1 2
o _\/Z(N ~2) Z(ny,i) . (8.5)

i=1

Note that in formula (8.5) in denominator theraaem (N-2) because the number of
frequency variances,; is (N — 2) if the number of phase samplgg; is N.
In the Program, Allan variance is marked as Var2.

The Program allows calculating Allan variances sorgle signals by means of cross-
variance formulae:

ax \/Z(N 1)2 yaX,i y2><| ' (86)

In (8.6) o, — estimation of Allan variance for signaloyixi, oyxi — relative frequency
variances for pairs of signajg8 —x andy2 —x, respectively.

14
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9 Program setup

See program requirements in Chapter 7.

Instrument set composition contains Installation With installation files and driver.
Installation program will be run automatically afteéD is inserted in CD-drive. If installation
program is not started, launch file setup.exe ftbenroot directory on CD manually. Installa-
tion program creates an icon “VYCH-315" on desktap aorresponding item in menu
“Start>Programs”.

The driver for Comparator must be installed befmsi;mg the USB interface. This driver
creates virtual serial port in Windofvsvhen instrument is connected to a PC via USB ¢able
for instance “USB Serial Port (COM8)”. To instalivkr it is necessary to connect Compara-
tor to a PC via USB cable and switch on Compar&tier that, if the driver was not installed
previously, Window? finds new hardware “USB High Speed Serial Convet&)SB < Se-
rial”) and runs New Hardware Wizard. You shoulddual standard procedure for driver instal-
lation, driver files are in directory “Driver” omstallation CD. If New Hardware Wizard is
launched again after the end of installation procedit is necessary to repeat driver installa-
tion. Warnings about compatibility of the driverttvWindow$’ must be ignored.

15
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10 Program interface

Program interface has standard Windows applicadtgle. Fragment of the main win-
dow of Program is shown in Fig. 10.1.

1 | B Multichannel Frequency Comparator VH-315 (IS

2 || File Diagrams Window Help

s || pIE] DEs

Fig. 10.1Fragment of Program interface with control eleraent

Main window contains the following elements:
1. Window caption.

2. Menu.

3. Control elements panel.

4. Work area.

Elements’ assignment and its functions are destedow.

10.1 Work area, window “Channel status”

Work area of Program interface is to contain dialgdows and diagrams, which can
be minimized to icons, maximized to the size of kvarea or can be closed. The only window
which cannot be closed if Program is loaded is ‘f@eh status” window, which is presented in
Fig. 10.2.

“Channel status” window is a dialog window, whiabntains table. Number of rows in
the table is the number of input channels for testgnals of Comparator and equals 8.

Table has 8 columns:

1) “Channel” — channel number

2) “Lock” — channel locking

3) “Run/Stop” — start / finish processing and saviagadof corresponding channel
4) “Reference” — name of reference signal

5) “Tested” — name of tested signal

6) “Kdec” — decimation coefficient for analyzed data.

7) “N” — number of time samples have been read.

8) “Diagram” — field for control of diagrams in eachannel.

16
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£« Channel status el = &3]
Chahe| Lock | Fluna"Blop| Referahice |Tested |K‘dec |N |F'IDt
1] & | Refl H2 1 n7
2 & B Refl Z1 10 125 &
3 b Refl W1 1 No
4 b Refl W 1
] P Ref2 Y2 1 Rhase
E b Ref2 &2 1 Frequecy
7 b Ref2 Wz 1 e | Asiianes
g 4 Ref2 w2 1 )
Spectrum

Fig. 10.2Dialog window “Channel status”

Width of columns can be changed by User.

First column cannot be modified by User, it indesathannel numbers. Green color of a
cell in this column means that signal is presemoimesponding channel of Comparator.

Cells in second column indicate whether correspandhannel is locked ) or not.
Locking of a channel means that data processitigerchannel cannot be stopped by User. To
change locking status of a channel it is necessacjick mouse on the cell in second column
in the row for this channel.

Cells in third column are intended for running topping data processing in channels.
To run or to stop data processing in a channel teicessary to click on the cell for this chan-
nel. Symbol [}’ (Stop) informs that data processing is in progreymbol “» ” (Run) informs
that data are not analyzed and User can starfpdatassing by mouse click on this symbol.

Fourth column “Reference” contains names of sigpathich is used as reference sig-
nal in FOUR-CHANNEL FREQUENCY COMPARATOR module é€hapter 2). Name can
be any text containing not more than 128 symbatscffange the name — click on the cell and
enter new name using keyboard.

Fifth column “Tested” contains names of tested aigiffy) (name can be any text with
length not greater than 128 symbpls

Next column shows values of decimation coefficidntseach channel. To change dec-
imation coefficient it is necessary to click on tbell for required channel and select value
from the list appearing in the bottom of “Channtltiss” window. Possible values of decima-
tion coefficient are 1, 10, 100 and 1000. Datadaeimated before writing on a hard drive.
Note, that the value of decimation coefficient ¢oe$ the minimum averaging time for Allan
variance calculation.

It is recommended to select the maximum posstrigdur aim value of decimation co-
efficient. It reduces sizes of files stored on hawgle and decrease time of data processing jand
statistical functions calculation.

The next column shows the numbers of samples “Néhmeen read for each channel. If
data processing is run then number of samplescreased every seconds, where =Ky —

17
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decimation coefficient. Update of this column isiped in case of column “Reference” or col-
umn “Tested” is open for editing (but time samplesding and storing are not paused).
The last column “Diagram” is to open and activagcams of phase differences, rela-

tive fre

guency differences, Alan variances and spdsee Section 6 for more details about di-

agrams). Click on the cell of required channelhis tolumn and select the diagram you need
from the pop-up menu, which is shown in Fig. 1&&lected diagrams are opening in separate
windows. To stop updating of the diagram you shaelshove corresponding tick in pop-up

menu.

If you select item “No” in pop-up menu thgrdating of all diagrams will be stopped.

10.2 Menu “File”
This menu contains commands:

“Find record”,

“Open” — open window “Select data to be watched”,
“Options” — select serial port number to connedCtimparator,
"Copy” — copy active diagram to clipboard,

“Print” — print active diagram,

“Exit” — close Program.

10.2.1 “Find record”

Clicking on this item of menu “File” or icol#l opens dialog window “Search for rec-
ords”, shown in Fig. 10.3.

|4 Sciech for x
Find what: |+1 Find
Since [wed/08/10/08 »| il [wed#15/10/08 7] Cancel
[T Searchin Befersmees _*.j October 2008 i

¥ Sasrchin Tested

23 3 1 2z 3 4

Channel [Reference 3 6B 7 &8 3 10 11. |I-'-';dee |Fru:um To
34‘_ 13 123 1;‘ ? 123 12; 122 1 10/3/2008 234:07 10/52008 2:34:53
3 Retl % sy o e 8 1 10/5/2008 2:35:00 10/8/2008 242 29
3 Rt . '3 a E B 7 @ 1 10/BM2008 30729 10662008 3:10:28
3 Refl = Today: 10/15/2008 1 10/B/2008 312068 10/8:2008 32011
3 Retl Vi 1 1032008 321,37 108662008 3:5115
3 Refl % 1 10M 372008 1041342008
3 Refl % 1 10/ 52008 10562008
3 Reff W1 1 10 542005, 104 512003

GaTa | Close

Fig. 10.3Example of dialog window “Search for records”

18
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Using this window you can find record of measuretsdry name of tested signal or by
name of reference signal in selected interval eéslaName of tested signal or reference is ed-
ited in the field “Find what”. Results of searcle @rinted in the table. If you select one or sev-
eral found records from the table and click onlib#on “Go To” then the window “Select da-
ta to be watched” containing selected recordslvelbpened.

10.2.2 “Open” — open window “Select data to be watched”

To open window “Select data to be watched” (see Higd) you should select item

“Open” from menu “File” or to click on butt on the control panel (see Fig. 10.1).
File with time samples of phase differences is dawesubdirectory\samples of the
main directory contains files of Program.

1 =iEixl
- Channsl selection Dtk X
A |lm1 w5 ¢ From-Ta [wed 081111 =] [wedis 1ol =]
e IVIES] TG T Cammard : )

; 3 o |

St 08107523

4

Set e Sf:afb-&al:e:
.ﬁéﬁﬁewand data

Unda new date
e Ao list
i — = -Fﬂmwa-hamf-ﬁst
Chari|Reference 5 [Tested [Kdee [From i
2 Refl 7 10| 08101512 borrerrs
3 Refl W |1 08101512 DB101520
4 Retl i ' 1 08101512, 08101520 1] 1
6| | Remowve | Clear: | Meras I iR | = R I B one plol Cale.

" [ DecmateMin/ax
Fig. 10.4Example of dialog window “Select data to be watthe

Window “Select data to be watched” contains théofing fields.
1. Standard for Windows applications caption field.

2. Channel selection field.

3. Dates selection field.

4. Record selection diagram.

5. Table of selected records.

6. Field of control elements.

19
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These fields are described below.

10.2.2.1 Select channels

To select channels to be watched you should mapkined channel numbers (1 — 8). To
select all channels you may click on button “Alit, deselect all channels — click on button
“Nothing”.

After that you can operate with the next field.

10.2.2.2 Select date of record

Program allows two ways of record selection:

— For period defined by User;

— For current moment (since the beginning of curdayt till the current moment).

To view data for specified period you should adgvautton “From-To” and select
begin and end dates. Selected time period stasta §10:00 of begin date and finishes at
23:59:59 of end date.

Previously defined dates in calendars “From” ahd™“are marked by gray color. Cur-
rent date is countered by red line.

To view current records you should click on buttGurrent”.
After selection of dates click on butt6@®K” and switch to the next field.

Activation of buttort OK” leads to updating of “Record selection” field ajsa

10.2.2.3 Records selection

Field for records selection looks like diagram: @ records versus time. The number
of rows corresponds to the number of selected alann

Date and time of beginning and end of watched gdesgresented on the top of the di-
agram (beginning on the left and end on the right).

Each row can contain several pieces of differetfdrsoColors mean the following

* Red - there is no record on this interval.

» Bright green — there is record on this interval.

» Blue — the interval contains record which is ingress.

» Dark green — record for this interval is put intee tlist for selected records (field

“57).

Placement of mouse pointer on a row of the diagesds to representation of context-
sensitive prompt, which contains date, time, chammanber, tested signal and reference
names (if there is record on time moment corresignid pointer position).
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To analyze selected record place mouse pointeroaesponding part of the diagram,
then click right mouse button. Context-sensitivenmevill be opened. This menu contains the
following commands:

— Set new start date

— Set new end date

— Undo new date

— Add to list

— Remove from list

— Export to ASCIlI-file.

The list of available items depends on the previxigons for selected record. For ex-
ample, command “Undo new date” will be availabléyah start date or end date is changed
for this record.

« Commands: Set new start date, Set new end dat®, hbwl date

The moment of time of beginning and end of watcpedod can be changed by com-
mands “Set new start date” and “Set new end d&efected time moment is defined by posi-
tion of mouse pointer, which must be placed onramyof the diagram.

Therefore, to change the boundary of period of tiesved in the diagram, click right
mouse button on required point of the diagram. Tas® pop-up menu and select “Set new
start date” or “Set new end date” depending on wbatneed in this point. New time moment
of begin or end of period watched can be selectenhathe interval free of records (red field)
as on the interval with record (blue or green figtbr instance, if you select start point on the
interval which contains record, then calculation of statistical characteristics will be for time
samples of phases of the record starting from the selected point, not for all record.

To cancel changes of period watched, click on ti i‘Undo new date”. Program re-
members five last changes.

« Commands: Add to list, Remove from list

Command “Add to list” can be applied to the parttloé diagram colored with bright
green or blue only (these colors inform that thereecord in considered channel, on selected
time period). After click on the item “Add to lis8elected record is represented in the table
“Selected records”. The maximum number of recorddem to the table is three.

Command “Remove from list” can be applied to thet p& the diagram colored with
dark green only (this color informs that correspgogdecord is written to the table “Selected
records”). This command removes the record seldobed the table.

» Command: Export to ASClII-file

This command realizes export of data of selectedrckeinto text file written in ASCII
format. Default name of created ASCII-file is “YYMBD _CC.asc”, where YY, MM, DD, CC
are two-digits disignation of year, month, day astthnnel number correspondingly. For
example, file 020721 _05.asc contains data of therdestarted in June 21, 2002, for channel
number 5.

Default dirrectory for ASClII-files is \data locat@dthe main directory with comparator
program installed (this directory can be changetUbgr).
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ASCII-file contains five columns:

1. sample number,

2. date of sample (in format MM:dd),

3. time (in format hh:mm:ss),

4. sample time in seconds (starting from the momergnM@omparator was switched
on),

5. phase difference in seconds (in format with fixethp “123.12345678").

10.2.2.4 Table of selected records

Table of selected records is located in the fi&ddn dialog window “Select data to be
watched”, shown in Fig. 10.4. This table contahmeé rows for records, which can be selected
from the diagram “Records selection” (field 4).

Third row can be used for data obtained by subtmacir merging of samples from the
records selected in first and second rows of th&etaNote that subtraction is carried out for
samples in overlapping time moments only. To maKk®raction of records placed in first and
second rows of the table, click on the button “Diffo merge records placed in first and se-
cond rows of the table, click on the button “Merge”

Columns of the table contain information about gredl record: channel number,
names of reference and tested signals, decimateticdent, dates and times of beginning and
end of record, limit on maximum relative frequerntifference (MaxY) and limit on maximum
variation of relative frequency difference (MaxV##.

It is possible to edit values of two last columkkakY, MaxVar{Y}) only. To set a new
value, click on the necessary cell, then enter fkeyboard new value and click mouse on any
other cell.

Limit value is valid for any record put into corpssding row. During calculation of
statistical characteristics the values which exdamwitls are dropped. If the number of dropped
samples exceeds 20% of total samples of the retlmed, Program will warning about it and
will stop data processing.

To view diagrams with statistical characteristobs, the following.

1. Select necessary record by clicking on any cetlosfesponding row.

2. Click on the control button, which correspondshe tliagram you need. Control but-

tons are placed on the field “6” (Fig. 10.4), tleag described in the next subsection.

10.2.2.5 Control elements

This field consists of several groups of contrelneénts.

The first group contains buttons which allow coliiing records in the table “Selected
records”.

Activation of control button “Remove” leads to dihg the selected record from the ta-
ble. By default, the first record in the table &dested. To select record manually click on the
corresponding row of the table.

For deletion of all records in the table, click tohbutton “Clear”.

Control button “Merge” is intended for merging twacords into one. It can be useful in
case of occasional short breaks during data ifffutnerge records it is needed:

 Fill out (using command “Add to list” in pop-up m&ntwo rows of the table with

records which you want to merge.
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 Click on the button “Merge”.
After that the third ffopsakoBbie YncIUTEIbHBIC UCTIOIB3YIOTCS ¢ aPTHKIAMHU) OW Of
the table will contain record merged.

The last element of first group is button “Diff Activation of this button leads to sub-
traction of time samples of the record in second fimm the time samples of the record in
first row of the table. Result of subtraction ig pio third row of the table. Compared records
must have overlapping time moments. This functibows analyzing statistical characteristics
of frequency differences of two tested signals.ethat it differs from default characteristics,
which are calculated for frequency differences leetested and reference signals.

The second group of control elements is intendeddtculating and viewing diagrams
of statistical functions. This group contains fegontrol buttons.

— Phase difference diagra

— Relative frequency difference diagran@

— Allan variance diagram

— Spectrum of relative frequency difference diagranl%
— Allan variance cross-variance diagra

After activating any of these buttons, Program sedata file, calculates statistical func-
tions for selected time interval, and representsutated function (which corresponds to acti-
vated button) in diagram.

The second buttorRelative frequency difference diagramiis a bit different from the
others. After button activation, Program shows diag of relative frequency difference which
Is calculated for averaging time equalsig. seconds by defaulkKge is the decimation coeffi-
cient for corresponding record (see Subsection)1Q4er can change averaging time for this
function by clicking right mouse button on the gohbutton and selecting value from the pop-
up menu by clicking left mouse button. After thatjuired diagram is plotted.

To enable cross-variance diagram two records falifferent channels must be select-
ed. These records should have nonzero overlappimg intervals. It is important to select
channels with the same reference signal.

The third group of control elements contains twalds with check-box buttons: “On
one plot” and “Decimate, Min/Max”.

If “[0" is selected in the field “On one plot”, then fuions for all records placed in the
table will be represented on one plot. In this casenber of samples used for statistical func-
tions calculation is selected the same for all résolf selected records have different decima-
tion coefficients then the maximum decimation coefht will be used in diagrams.

If “[I" is selected in the field “Decimate, Min/Max” amdimber of samples in selected
record is greater than 4000, then diagram “Phédéereince” for the record shows 4000 points
which are minimum and maximum values of phase diffees on decimation interval. Deci-
mation interval depends on the length of initiadaml. This function allows avoiding the loss
of short bursts in phase difference. The loss e$tisuican occur in case of usual decimation of
data.
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The last control element of window “Select datab® watched” is button “Calc.”,
which runs calculator of dates. Calculator compulate and time of record by User defined
number of time sample counting out from the statedr computes sample number by defined
date and time of the sample. Program calculate&dttewhich is free. Calculation takes into
account decimation coefficient which can be chargetis window.

10.2.3 Command “Options”

Activation of this command leads to opening dial@gdow “Options”, see Fig. 10.5.
This window allows selecting serial port numbemus® connection between Comparator and
computer via RS-232C or USB interfaces. List of ilme COM-ports including virtual
COM-port for USB connection (see Section 9) is fednby Program automatically, when User
clicks on item “Options”.

Program can be used to analyze data previouslydedpwhen Comparator is discon-
nected or switched off. To use this regime, itasassary to select COMO.

If User select new COM-port, which is not COMO,riierogram reload is needed.

By Cptions o
| ok,
Senal interface {E0M 0 vl _

: COMID | Cancel ]
COk1 e
£0 -?éé

—Q_ME
Fig. 10.5.Dialog window “Options”

10.2.4 Command “Copy”

This command allows copying image of active diagrabto clipboard of computer.
Copied image can be used in Windows applicatioos,ekample in MS Word. Command

“Copy” of menu “File” is duplicated by control botll placed on panel “3” of main win-
dow, see Fig. 10.1.

10.2.5 Command “Print”

Command “Print” in menu “File” is duplicated by hnm “Print”, placed on control
panel “3” of Program interface, see Fig. 10.1. Kiig on item or button “Print” leads to
printing the active diagram.

10.2.6 Command “Exit”

Activation of command “Exit” (menu “File”) closesrégram. If data processing is not
stopped in some channels when you click “Exit” ntikrogram warns about it.
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10.3 Menu “Run”
Menu “Run” contains two commands: “Run all” and dftall”. These commands are

duplicated by control button< *| and El placed on panel “3”, see Fig.10.1 and

Subsection 10.7.1.
This menu is replaced by menu “Diagrams” if dialmgndow “Select data to be

watched” is active.

10.4 Menu “Diagrams”

Menu “Diagrams” is placed instead of menu “Runtlidlog window “Select data to be

watched” is active.
This menu contains items, which duplicates butt@nsdiagram plotting, described in
Subsection 10.2.2.5. This menu allows selectingsygf diagrams and its parameters.

10.5 Menu “Window”

This menu allows controlling Program windows whieve been opened.
Opened menu “Window” is shown in Fig. 10.6.

n Multichannel Frequency Comparator VCH-315
File Run f%"rnduw] Help

3 Iﬂ |II Close All Diagrams

Tile diagrams
Cascade

Arrange icons

v 1 Channel status
271/ Refl: Time Samples in channel 2
3 Select data to be watched

Fig. 10.6Menu “Window”

Menu “Window” contains four items:

— “Close all diagrams”,

— “Tile diagrams”,

— “Cascade’,

— “Arrange icons”,
and the list of opened windows (windows can be miped into icons). SymbolT means
that corresponding window is active at the moment.

Command “Close all diagrams” closes all windowshwdtagrams. Command “Tile di-
agrams” adjusts sizes of opened windows with dragréor non-overlapping covering total ar-
ea of main window. Command “Cascade” opens all oival and order them in cascade.
Command “Arrange icons” orders all icons in maimeow.
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10.6 Menu “Help”

Menu “Help” contains two items: “Content” — contd?riogram help, and “About” — in-
formation about the manufacturer and Program versio

There is context-sensitive prompt in Program. Teropart of the prompt for Program
window you are interested in, activate this windavad press F1 button.

Several fields and control elements of the intexfaave short prompt, which will be
opened if mouse pointer is placed on them.

10.7 Control panel

Control panel is placed on the main window of Paogiinterface; it is marked with 3 in
Fig. 10.1. Control buttons of the panel are describelow.

10.7.1 Control buttons “Run all” and “Stop all”

Activation of button *| “Run all” runs data processing in all channelsudtameously.
To stop data processing in all channels simultasigpalick on control buttoEl “Stop all”.

10.7.2 Control buttons “Channel status” and “Open files”

ButtonEll “Channel status” activates dialog window “Charstetus”, see Fig. 10.2.

Window “Channel status” cannot be closed duringgPam work.

Button [ “Open files” (Fig. 10.4) duplicates item “Open” wfenu “File”, see Subsec-
tion 10.2. This button opens dialog window “Seldata to be watched”. If this window has
been opened before then clicking on button “Oplesfiwill lead to activation of the window.

10.7.3 Control buttons “Print” and “Copy”

Buttons “Print” and “Copy duplicate functions of items “Print” and “Copy” of
menu “File”, see Subsection 10.2.
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11 Diagrams

To analyze characteristics of signal instabilitg flollowing diagrams are available in
Program:

— “Phase difference”,

— “Relative frequency difference”,

— “Allan variance”,

— “Spectrum”.

These diagrams are described below.

11.1 Diagram “Phase difference”

The sampled differences of phasgs t,. tw twx formed by Time Recorder (see
Fig. 11.2) are displayed on this diagram.

To open diagram “Phase difference”, click on itel®hase” in menu “Diagrams”. This

“Select channel to be watched”.

The illustration of diagram “Phase difference” i®wa/n in Fig 11.1. Vertical axis shows
magnitudes of sampled (with the accuracy aboutdrbbseconds) signatg, t,, tw tuwx (S€€
Section 4), horizontal axis corresponds to the remnbf readouts.

The maximum number of readouts displayed in thgrdma is limited by 4000. If

length of record exceeds this limit then you cae gl buttons on the top of the diagram to
view all data of the record.

Note that real phase difference can be obtained tftata shown in the diagram by dividing on
multiplier coefficient of Comparator ($pand multiplying on 2.
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Comments:
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W2/ Ref2
Phase differences racalculated to the tnput [nsac]
00051
0004+
0002+
0001+
0.000 ' ' ' '
128 D56 484 512
-0.001-+
Sampie number
Fig. 11.1Diagram “Phase difference”

11.2 Diagram “Relative frequency difference”

This diagram displays oscillogram of relative fregay difference. This diagram has a
parameter — averaging time. Value of averaging tsnpresented in window caption and in
“Comments” — field of diagram window.

Possible view of the diagram is shown in Fig. 11.2.
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- s W2 f Ref2 : Relative freq, difference diagram I:L ) - [ [0 [EESS] i
Cormmetts:
07101704 -0710717:14

w2 Ref2
Eivl=-7.2e-15, averaging interval =T &

Relafive frequency difference (1e-12)

1.0

0.8

-0.3

-0.5

Fig. 11.2Diagram “Relative frequency diference”

To open diagram “Relative frequency differenceiclclon item “Frequency” in menu

“Diagrams”. This command is duplicated by contmttbn@ “Relative frequency difference
diagram” in dialog window “Select channel to be eoVesd”.

Vertical axis corresponds to averaged relativeueegy difference, horizontal axis con-
tains sample numbers. The maximum number of digplgpints is 4000. If number of points
exceeds 4000, then the last 4000 values of relftecquiency difference will be displayed in
the diagram.

Window caption contains names of reference anédesignals, and averaging time.

Text field “Comments” contains (by default) infortiman about start and end date and
time of analyzed record, names of reference anddesgnals. It also contains value of aver-
age frequency difference E{y} and value of averggime. User can edit this field.

11.3 Diagram “Allan variance”

Diagram “Allan variance” displays statistical fuimet Var2 — root mean square of two-
sample relative frequency variance, calculatechkyformula (8.5), see Section 8.
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To open diagram “Allan variance”, click on item “Nance” in menu “Diagrams”. This

command is duplicated by control but “Allan variance diagram” in dialog window “Se-
lect channel to be watched”. Example of this diagrs presented in Fig. 11.3.

- E ‘.I".’iZ..".RE.ﬂ'._A.IIa'n variance diagram ?HE \
Carnrmemts:
OFA017:04-07 101714
W2/ Rt E=-7_2052=-15%
Two-sample relabive freq. difference vanance (Allan vanance) =9 TaEe E
1 1.%a-13 GBS
z 3.0s—14 254
1.000-12 5 3.5=-14 118
10 1_TFa-14 53
za 7.7e-15 23
=) 3.8=2—15 11
100 1.1e-15 5
[
1.00e-13
e

“‘i”\
1.00e-14-

1.00e-15
1 10 100

Averaging time in seconds

Fig. 11.3Diagram “Allan variance”

Diagram window contains text field “Comments”, wihidisplays (by default) infor-
mation about start and end date and time of andlygeord, names of reference and tested
signals. User can edit this field.

Right part of the window contains table with avhi&avalues of Var2 for different aver-
aging times N. On the top of the table averageukeeqy difference E{y} is shown.

11.4 Diagram “Spectrum”

To open diagram “Spectrum”, click on item “Spectfum menu “Diagrams”. This

command is duplicated by control but “Spectrum diagram” in dialog window “Select
channel to be watched”. Example of this diagraprésented in Fig. 11.4.
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7 W1/ Refl 1 Relative freq. difference spectrum diagram b | E )
Comments:
02.10710:00 - 08:1010:11 .
CARNT=
Relattve freq. difference spectral density [1/Hz]
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1.00e-27 'ﬁ‘l : I
l. II III
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[
1
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1.00e-29 =
0 125 250 375
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Fig. 11.4Diagram “Spectrum”

Diagram window contains text field “Comments”, wiidisplays (by default) infor-
mation about start and end date and time of andlyeeord, names of reference and tested
signals. User can edit this field.
Field for plot displays spectral density o relatixequency difference. Vertical axis is in
logarithmic scale, horizontal axis has linear scRtequency on spectrum diagram is presented

in [milliHertz].

11.5 Diagram “Allan variance and cross-variance”

To open this diagram, click on the control but “cross-variancesin dialog win-
dow “Select channel to be watched”. Allan varianfsfrequency differences F1-FO, F2-FO,
F2-F1 are calculated with formulae (8.5), Allanigaces (cross-variances) for single frequen-
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cies FO, F1, F2 are calculated with formulae (8Eample of this diagram is presented
in Fig. 11.45.

M. Allan variance and cross-variance diagram = |[ = i
Commints: F1-F0 [#] F2-F0 [ F2F1 [ FO [ F1 F2
05, 06-00:00 - 05.06 0558 i
1-F1:F0, v / Refl sdverage treqg. diff. -1, 246e-13 i
2-F2F0, 123:21 / Refl, Average freq, diff. 5.082e-15 i
F3-F2F1, 12921 /1, Average freq. diff. 1.297=-13 il
Allan varfance and cross-vanance
100e 12—
+
i
\'\rr:r
iy
R " 3 F1-FD
1.00e-13E ey i
e e
- W /' F2-F0
W S oy
1.00e-14 \ 7 e =3 \k? = A F2-F
v 55 v — A
s
Jé{”“ N = TR
1.00e-15 - )\EgT : \T‘u
\\\ ~ B
W F1
1.00e-16 [TE2
1 100 2000 1ed
10 1000 5000

Fig. 11.5Example of Allan variance and cross-variance @agr

FO is related to the Allan variance of the refeeeaignal, F1 and F2 corresponds to the
measured signals in first and second selecteddecor
Attention!
Cross-variance calculations for the averaging time& - 10 seconds may be inac-
curate due to the diversity of phase measurementnies in different channels of
the comparator. Synchronization errors of phase saples in different channels
< 1 second.
If only one Allan variance is selected, then tddiaonal table with the values at differ-
ent averaging times will be shown (fig. 11.6).
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ﬁﬂ(hﬂan vanance and cross-vanance diagram | = |-
Cormments: OrfOrRoORAMEI O OFR
0F.06 00:00 - 05,06 0858 -
1-F1-F0. 1 / Refl, Average freq. diff -1.246e-13 =]~ ————————
2-F2F0, 212921 / Refl, Average freq. diff 5.032e-15 L= | T Var. )
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1 100 2000 14
10 1000 5000
Fig. 11.6Example of Allan cross-variance diagram with onte@urve selected

11.6 Diagram properties

Program allows manipulating the diagrams “Phaskemrihce” and “Relative frequency
difference” (change of vertical axis scale, repnésgon of statistical functions, etc.). To open
dialog window for manipulation of diagram, clickght mouse button on the diagram,
see Fig. 11.
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, (a) o (b) 1
Phase diagram options Freguency diagram Cptions
X Centered diagiam
] Mear Increasze Ymas ] ] Mear Increasze Ymax ]
: Uecrease : Lecreaze

] Min and hax i ] Min and htax Ay

[] RMS dev. Up Fibls dev, Up

] Bestfit Pt ] Bestfit Piiie:

] Grid: ] Grid Close

-

Fig. 11.7Dialog windows for control of diagrams: (a) “Phak#erence”

and (b) “Relative frequency difference”

Dialog windows in Fig. 11.7 contain the followingeck-box and control buttons:

— “Centered diagram” (for diagram “Relative frequertdifference” only). Activation
of this check-box leads to centering new diagrams.

— “Mean”. Activation of this check-box leads to dragion the diagram horizontal line
corresponding to mean value of data displayed.

— “Min and Max”. Activation of this check-box leads tirawing two horizontal lines
corresponding to minimal and maximal values of disalayed.

— “RMS dev.” — root mean square deviation. Activatiohthis check-box leads to
drawing two horizontal lines corresponding to pesitand negative RMS deviation of data
from mean value.

— “Best fit". Activation of this check-box leads taalving the line which corresponds
to the best linear approximation of data displayed.

— “Grid”. Activation of this check-box leads to disping a grid on the diagram.

— “Increase Ymax”. This command doubles the rangevadfies along vertical axis
(vertical size of plot is decreased).

— “Decrease Ymax”. This command decreases the rangawes along vertical axis in
two times.

— “Up”. This command shifts the plot up.

— “Down”. This command shifts the plot down.

— Control button “Close” closes dialog window.
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