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[bookmark: _GoBack]To:	jimr@maia.usno.navy.mil 
Subject: Report on Pilot Project

Dear Jim,

I send to you the Report containing more complete results of study on IGS/BIPM Pilot Project, obtained in Ukraine during 1998-1999.

Yours sincerely,
Alexander Tkachuk




Some Results of Study on IGS/BIPM Pilot Project

The State Research Institute of Metrology (Kharkov, Ukraine) are taking part in IGS/BIPM Pilot Project "To Study Accurate Time and Frequency Comparisons Using GPS Phase and Code Measurements". We have been carrying out observations during 1998-1999 using GPS receiver of type Trimble 4000 SSi. It is a multichannel dual-frequency geodetic surveying receiver, which besides of applications for positioning have output 1 PPS for various timing applications. The leading edge of this pulse approximately coincides with the beginning of each UTC second. The pulse is about 1 sec wide, with rise and fall times of about 100 nsec. Resolution is approximately 40 nsec, but several external factors limit accuracy to approximately 1 sec.
The aerial installed on the top of the building, and the receiver itself is located in the laboratory inside of the building. The aerial are connected with the receiver  by standard cable, length of cable is 30 m.
The comparison of the coordinated time scale UTC (UA) of the national time and frequency standard of Ukraine with the Coordinated Universal Time UTC using GPS satellite observations was realized by the following methods. The "all-in-view" observations were carried out day and night, the measurement series were repeated every five minutes, every series consisted ten measurements with the period of repetition of 2 sec. The time intervals T between the time pulses of Master clock of the standard and pulses 1 PPS from the output of GPS receiver were measured by means of electronic counter having resolution equal 1 nsec. The master clock of the standard is H-maser; its daily frequency instability is not more than 110-14. High-stable signal 5 MHz from this maser was delivered to input of the receiver and electronic counter instead of frequency of the internal basic crystal oscillators. 
Then the analysis and statistical processing of the data were carried out. The average value and root-mean-square (RMS) deviation of the measured value T were determined for every day of observations. As far as the possibility of realization of calibration (the measurement of instrument delay of signal) is not foreseen in the receiver Trimble 4000 SSi, this delay was not taken into account at the data processing, and output signals 1 PPS of the receiver were roughly identified with the marks of the time scale UTC. For determination of value UTC–UTC(UA) a difference of the standard coordinated time and time scale of the master clock UTC(UA)–T(Mast) was taken into account at the data processing.
The average value UTC–UTC (UA) for each day of GPS observations, obtained  by the method which is described, are given in attached table. At the analysis of these data it is necessary to take into account corrections of the size of units (frequency) of national standard and corrections of the time scale UTC (UA), which were made during considered period of observations:

Date		Correction 				Value 

1998/03/27	Correction of UTC(UA)		plus 0.5 microsecond
1998/04/10	Frequency correction			plus 110-13
1998/08/19	Correction of UTC(UA)		minus 0.6 microsecond
1998/09/07	Frequency correction			minus 110-13
1999/08/03	Frequency correction			plus 110-13
1999/08/09	Correction of UTC(UA)		plus 1 microsecond

The analysis of measurement results shows that RMS of residuals to linear fit at the interval of observations of 30 days is 5-10 nsec. This value can be an estimation of measurements random error. As for the systematic error of measurements, it can be only determined after the receiver calibration. The results of determination of UTC–UTC (UA) by other independent ways show that non-excluded systematic error of time scales comparison by GPS observations using the receiver Trimble 4000 SSi by these methods can be estimated by value of about 0.5 sec. 
To estimate the value of the instrument error, which is one of the components of the systematic error of measurements, we carried out  the experiment using simultaneously two receivers Trimble 4000 SSi at the same observation station. Both aerials of the receivers were side-by-side, aerials cables were of equal length, both receivers were synchronized by the signal of standard frequency from the same maser. The analysis of measurements results, which were obtained at this experiment, showed that two samples of receivers of the same type differ as by measured average values of T, as by values of RMS of measurements results. The difference of average values T was about 70 nsec, and values RMS were differed by two-three times.
On the base measurements results one can conclude that for realization of high potential possibilities of GPS receiver Trimble 4000 SSi for time scales comparison it is necessary to use raw measurements data (the pseudorange code measurements and the carrier-phase measurements) instead of output 1 PPS and to carry out  the precise calibration of receivers.
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UTC - UTC(UA) 
 Unit is one nanosecond

	Day
	Jan 1999
	Feb 1999
	Mar 1999
	Apr 1999
	May 1999
	Jun 1999

	1
	-125
	-167
	-226
	158
	207
	362

	2
	-125
	-171
	-223
	167
	209
	372

	3
	-122
	-171
	-236
	128
	226
	376

	4
	-131
	-160
	-246
	154
	209
	377

	5
	-131
	-207
	-248
	157
	234
	382

	6
	-141
	-169
	-257
	145
	230
	394

	7
	-137
	-163
	-248
	136
	219
	396

	8
	-101
	-173
	-255
	115
	222
	408

	9
	-137
	-182
	-256
	119
	237
	416

	10
	-142
	-175
	-261
	117
	241
	406

	11
	-121
	-182
	-275
	99
	235
	414

	12
	-
	-193
	-268
	125
	256
	432

	13
	-
	-183
	-284
	130
	268
	434

	14
	-
	-202
	-280
	130
	278
	426

	15
	-
	-
	-280
	139
	274
	419

	16
	-144
	-206
	-314
	141
	277
	-435

	17
	-145
	-204
	-291
	138
	280
	-398

	18
	-142
	-202
	-297
	159
	287
	-408

	19
	-135
	-220
	-294
	168
	299
	-421

	20
	-142
	-211
	-287
	164
	300
	-446

	21
	-143
	-203
	-304
	165
	306
	-443

	22
	-146
	-219
	-306
	174
	317
	-445

	23
	-142
	-236
	-310
	178
	325
	-455

	24
	-138
	-228
	-307
	167
	345
	-469

	25
	-148
	-225
	-318
	175
	334
	-457

	26
	-156
	-230
	-336
	189
	331
	-469

	27
	-167
	-218
	-350
	178
	352
	-467

	28
	-180
	-214
	167
	-
	382
	-

	29
	-187
	
	173
	-
	351
	-

	30
	-168
	
	167
	-
	339
	-513

	31
	-159
	
	160
	
	361
	



UTC - UTC(UA)
  Unit is one nanosecond

	Day
	Jul 1998
	Aug 1998
	Sep 1998
	Oct 1998
	Nov 1998
	Dec 1998

	1
	-529
	-827
	-509
	-612
	-654
	-621

	2
	-530
	-824
	-504
	-615
	-657
	-623

	3
	-535
	-839
	-
	-595
	-654
	-628

	4
	-545
	-854
	-
	-594
	-650
	-632

	5
	-538
	-884
	-
	-610
	-648
	-628

	6
	-547
	-875
	-
	-611
	-643
	-642

	7
	-552
	-865
	-560
	-631
	-644
	-624

	8
	-563
	-880
	-552
	-611
	-642
	-627

	9
	-585
	-881
	-560
	-619
	-651
	-627

	10
	-577
	-912
	-571
	-632
	-628
	-625

	11
	-602
	-895
	-562
	-642
	-636
	-630

	12
	-596
	-907
	-572
	-643
	-634
	-629

	13
	-614
	-926
	-574
	-630
	-650
	-613

	14
	-616
	-930
	-580
	-625
	-642
	-618

	15
	-599
	-937
	-587
	-648
	-640
	-601

	16
	-632
	-947
	-585
	-649
	-657
	-614

	17
	-643
	-952
	-589
	-640
	-661
	-605

	18
	-666
	-977
	-591
	-630
	-650
	-601

	19
	-658
	-1009
	-591
	-640
	-
	-601

	20
	-740
	-390
	-596
	-644
	-623
	-594

	21
	-760
	-397
	-597
	-644
	-652
	-577

	22
	-761
	-401
	-585
	-646
	-649
	-557

	23
	-771
	-425
	-584
	-639
	-654
	-555

	24
	-783
	-430
	-585
	-639
	-650
	-547

	25
	-763
	-440
	-586
	-647
	-645
	-557

	26
	-755
	-460
	-586
	-644
	-646
	-556

	27
	-760
	-440
	-578
	-652
	-629
	-547

	28
	-788
	-459
	-588
	-650
	-632
	-548

	29
	-791
	-474
	-595
	-657
	-622
	-559

	30
	-814
	-501
	-595
	-659
	-626
	-551

	31
	-806
	-503
	
	-660
	
	-551



UTC - UTC(UA) 
 Unit is one nanosecond

	Day
	Jan 1999
	Feb 1999
	Mar 1999
	Apr 1999
	May 1999
	Jun 1999

	1
	-532
	-443
	-442
	-426
	-349
	-

	2
	-550
	-477
	-432
	-432
	-341
	-178

	3
	-545
	-470
	-437
	-429
	-328
	-191

	4
	-552
	-471
	-454
	-420
	-333
	-187

	5
	-535
	-473
	-427
	-420
	-336
	-190

	6
	-542
	-479
	-432
	-417
	-333
	-172

	7
	-537
	-468
	-437
	-400
	-314
	-166

	8
	-524
	-458
	-447
	-405
	-319
	-177

	9
	-537
	-466
	-443
	-406
	-307
	-164

	10
	-521
	-472
	-459
	-414
	-303
	-153

	11
	-522
	-465
	-439
	-404
	-298
	-157

	12
	-507
	-474
	-445
	-419
	-313
	-135

	13
	-503
	-457
	-443
	-409
	-305
	-140

	14
	-495
	-448
	-429
	-417
	-294
	-116

	15
	-500
	-439
	-422
	-403
	-289
	-110

	16
	-495
	-438
	-430
	-413
	-291
	-115

	17
	-507
	-442
	-436
	-387
	-278
	-112

	18
	-494
	-442
	-439
	-396
	-265
	-107

	19
	-494
	-432
	-432
	-389
	-257
	-90

	20
	-490
	-436
	-430
	-380
	-254
	-100

	21
	-483
	-434
	-450
	-370
	-249
	-99

	22
	-491
	-431
	-453
	-382
	-249
	-92

	23
	-501
	-443
	-441
	-377
	-203
	-74

	24
	-480
	-436
	-460
	-363
	-222
	-67

	25
	-478
	-451
	-448
	-359
	-224
	-66

	26
	-481
	-443
	-456
	-359
	-220
	-57

	27
	-486
	-443
	-459
	-358
	-217
	-34

	28
	-487
	-436
	-454
	-356
	-
	-39

	29
	-463
	
	-444
	-345
	-
	-31

	30
	-456
	
	-460
	-354
	-
	-20

	31
	-463
	
	-441
	
	-
	-



UTC - UTC(UA) 
 Unit is one nanosecond

	Day
	Jul 1999
	Aug 1999
	Sep 1999
	Oct 1999
	Nov 1999
	Dec 1999

	1
	-21
	178
	-842
	-873
	-824
	-

	2
	-19
	204
	-853
	-852
	-820
	-

	3
	-3
	195
	-854
	-863
	-836
	-

	4
	-16
	178
	-
	-868
	-820
	-

	5
	2
	212
	-
	-868
	-824
	-716

	6
	25
	178
	-848
	-863
	-832
	-698

	7
	9
	181
	-851
	-874
	-834
	-691

	8
	7
	162
	-854
	-875
	-826
	-702

	9
	28
	168
	-843
	-875
	-799
	-694

	10
	34
	-835
	-872
	-875
	-771
	-688

	11
	17
	-829
	-847
	-861
	-781
	-678

	12
	42
	-852
	-859
	-859
	-772
	-667

	13
	49
	-843
	-858
	-855
	-775
	-692

	14
	54
	-845
	-851
	-850
	-761
	-681

	15
	63
	-862
	-863
	-843
	-764
	-668

	16
	79
	-844
	-857
	-834
	-755
	-667

	17
	63
	-841
	-846
	-837
	-766
	-668

	18
	94
	-828
	-857
	-841
	-747
	-652

	19
	91
	-821
	-850
	-839
	-756
	-650

	20
	95
	-838
	-852
	-838
	-751
	-644

	21
	102
	-840
	-868
	-858
	-768
	-643

	22
	120
	-857
	-858
	-832
	-751
	-640

	23
	136
	-839
	-854
	-842
	-762
	-638

	24
	156
	-830
	-848
	-850
	-754
	-658

	25
	136
	-852
	-858
	-824
	-765
	-646

	26
	140
	-844
	-864
	-839
	-751
	-632

	27
	149
	-868
	-860
	-822
	-751
	-624

	28
	150
	-833
	-871
	-827
	-747
	-596

	29
	-
	-864
	-865
	-814
	-750
	-597

	30
	-
	-856
	-859
	-822
	-735
	-599

	31
	-
	-852
	
	-822
	
	-594



