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1. Purpose and scope

The present technical note discusses the debris collision that occurred on 23rd August 2016 whereby
the Sentinel1-A solar panel was struck by a small mm sized particle. The implications for products
are given in the report.
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2. Debris Collision

The Sentinel-1A solar panel was hit by a small piece of space debris or micrometeoroid on 23rd
August 2016 at 17:07 UT. As shown in Figure 1 and Figure 2 the location and size of the debris
image is clearly visible from an on-board camera. The size of the affected area is about 40cm in
diameter caused by a particle just a few mm in diameter (RD-1).

Figure 1: S1-A solar panel before and after debris collision on 23 August 2016 (red arrow
indicates panel damage).

Figure 2: S1-A solar panel before and after debris collision on 23 August 2016 (detail).

The effect of the debris collision is clearly shown from the total power available from the solar
panels as shown by the green curve in Figure 3 (RD-2). The drop in power was about 280 W or 5%
of the total available occurred.
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Figure 3: Solar panel total power (green) before and after debris collision.

At the time and after the power drop there three events reported (RD-3):

e The 1st event corresponds to a spike in the Attitude and Rate errors (starting at 17:07:37 UT)
(Figure 4) with the prolonged loss of tracking on both the Star Trackers (starting at 17:07:38
UT), i.e. the AOCS attitude measurements were driven by the Gyros during this period. The
maximum change in attitude was in the Z-axis of up to 0.68°.

e The second event was reported by the POD Ground Processing service AR "SIMISSAR-33',
Title: 'S-1A degraded NRT POD processing since 23/09/2016 19:15 UTC' which could be
related to unexpected S/C Attitude changes. This is unlikely to be related to the debris
collision.

e The third event was reported by ESOC Flight Dynamics who reported problems fitting the
orbit to GPS data reported around this time.

Figure 4 indicates that an error in attitude occurred for a period of only about 5 minutes after the
debris collision.
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Figure 4: Sentinel-1A attitude error from 23/08/2016 17:00 to 18:00 UT (radians). Red is Z axis.
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3. Impact on S1A Products

The satellite attitude yaw, pitch and roll errors extracted from IW products are shown in Figure 5
while the extracted Doppler centroid frequency is shown in Figure 6 for 23rd August 2016. No

unusual behaviour in either the attitude or Doppler is identified in these plots.
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Figure 5: S1-A Yaw, Pitch and Roll for 23rd August 2016
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Figure 6: S1-A Doppler Centroid Frequency (purple data) for 23rd August 2016

Table 1 gives a list of S1-A data acquired between 16:00 and 18:00 UT on 23rd August 2016. Only
one product was acquired during the period of the unexpected attitude shown in Figure 4 - this
being  the RAW  product  S1A_EW_RAW__OASH_20160823T170729_20160823T170817_

012730_01407C_F615 with an acquisition time between 17:07:29 and 17:08:17 UT. This product has
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not been processed to Level 1 or Level 2 and hence are not available to users. The next acquisition
started at 17:16:27 UT by which time the attitude error had returned to zero, and hence no impact
on product quality.

S1A_EW_RAW__0OADH_20160823T160903_20160823T161021_012730_014077_E98B

S1A_EW_GRDM_1ADH_20160823T161538_20160823T161642_012730_014078_6EBD

S1A_EW_GRDM_1ADH_20160823T161642_20160823T161736_012730_014078_D659

S1A_WV_RAW__0ASV_20160823T162232_20160823T163051_012730_014079_A462

S1A_IW_GRDH_1ADV_20160823T163207_20160823T163232_012730_01407A_58E9

S1A_IW_GRDH_1ADV_20160823T163257_20160823T163322_012730_01407A_6792

S1A_WV_RAW__0ASV_20160823T163328_20160823T165754_012730_01407B_8969

S1A_EW_RAW__0ASH_20160823T170729_20160823T170817_012730_01407C_F615

S1A_IW_GRDH_1ADV_20160823T171627_20160823T171656_012730_01407D_DB19

S1A_IW_GRDH_1ADV_20160823T171656_20160823T171721_012730_01407D_8BCC

S1A_IW_GRDH_1ADV_20160823T171721_20160823T171746_012730_01407D_94A8

S1A_IW_GRDH_1ADV_20160823T171746_20160823T171811_012730_01407D_1972

S1A_IW_GRDH_1ADV_20160823T171811_20160823T171836_012730_01407D_4AE6

S1A_IW_GRDH_1ADV_20160823T171836_20160823T171901_012730_01407D_A784

S1A_IW_GRDH_1ADV_20160823T7171901_20160823T171926_012730_01407D_BOAF

S1A_IW_GRDH_1ADV_20160823T171926_20160823T171953_012730_01407D_D653

S1A_WV_RAW__0ASV_20160823T172025_20160823T172717_012730_01407E_4334

S1A_IW_GRDH_1ADV_20160823T172732_20160823T172801_012731_01407F_2D9F

S1A_IW_GRDH_1ADV_20160823T172801_20160823T172826_012731_01407F_FESD

S1A_IW_GRDH_1ADV_20160823T172826_20160823T172851_012731_01407F_6FAA

S1A_IW_GRDH_1ADV_20160823T172851 20160823T172916_012731_01407F_E8A2

S1A_IW_GRDH_1ADV_20160823T172916_20160823T172941_012731_01407F_F760

S1A_IW_GRDH_1ADV_20160823T172941_20160823T173006_012731_01407F_827C
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S1A_IW_GRDH_1ADV_20160823T173006_20160823T173031_012731_01407F_B62C

S1A_IW_GRDH_1ADV_20160823T173031_20160823T173058_012731_01407F_F8E4

S1A_IW_GRDH_1ADV_20160823T173556_20160823T173625_012731_014080_AB3E

S1A_IW_GRDH_1ADV_20160823T173625_20160823T173650_012731_014080_2E8B

S1A_IW_GRDH_1ADV_20160823T173650_20160823T173715_012731_014080_E27A

S1A_IW_GRDH_1ADV_20160823T173715_20160823T173740_012731_014080_93FD

S1A_IW_GRDH_1ADV_20160823T173740_20160823T173805_012731_014080_COFO

S1A_IW_GRDH_1ADV_20160823T173805_20160823T173830_012731_014080_C10B

S1A_IW_GRDH_1ADV_20160823T173830_20160823T173855_012731_014080_5091

S1A_IW_GRDH_1ADV_20160823T173855_20160823T173920_012731_014080_33C9

S1A_IW_GRDH_1ADV_20160823T173920_20160823T173945_012731_014080_535B

S1A_IW_GRDH_1ADV_20160823T173945_20160823T174010_012731_014080_C15B

S1A_IW_GRDH_1ADV_20160823T174010_20160823T174029_012731_014080_E822

S1A_S3_GRDH_1ADH_20160823T174042_20160823T174106_012731_014081_5461

S1A_IW_GRDH_1ADV_20160823T174114 20160823T174143_012731_014082_2B3B

S1A_IW_GRDH_1ADV_20160823T174143_20160823T174211_012731_014082_E4B8

S1A_EW_GRDM_1ADH_20160823T174451_20160823T174556_012731_014083_6EEE

S1A_EW_GRDM_1ADH_20160823T174556_20160823T174656_012731_014083_07EE

S1A_EW_GRDM_1ADH_20160823T174702_20160823T174806_012731_014084_B2EB

S1A_EW_GRDM_1ADH_20160823T174806_20160823T174906_012731_014084_47DB

S1A_EW_GRDM_1ADH_20160823T174906_20160823T175006_012731_014084 BA1F

S1A_EW_GRDM_1ADH_20160823T175006_20160823T175106_012731_014084 A4E2

S1A_EW_GRDM_1ADH_20160823T175106_20160823T175144_012731_014084_5BD6

S1A_IW_GRDH_1ADV_20160823T175757_20160823T175827_012731_014085_390C

S1A_IW_GRDH_1ADV_20160823T175827_20160823T175900_012731_014085_773B

Table 1: Sentinel-1A data acquired between 16:00 and 18:00 UT on 23rd August 2016
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4. Conclusions

This report has described the particle collision with Sentinel-1A on 23rd August 2016 and no
implications have been found for processed products.

Proprietary information: no part of this document may be reproduced divulged or used in any form without
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Appendix A - List of acronyms

TBC To be confirmed

TBD To be defined

AD Applicable Document
RD Reference Document
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