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SCE Staffing

Solar Probe Plus
A NASA Mission to. Touch the Sun

= SPP SC Emulator Development Team
» Sam Sawada, SPP Emulator Lead, Samuel.Sawada@jhuapl.edu

= Mike Furrow, SPP Mission Systems Software Lead,
Mike.Furrow@jhuapl.edu

= Martha Kusterer, SPP SOC Lead, Martha.Kusterer@jhuapl.edu
» Thomas Hauck, GSEOS, hauck@gseos.com
= Harry Eaton, Embedded SW
* Doug Wenstrand, FPGA Design
= Geff Ottman, Engineering Support, Geffrey.Ottman@jhuapl.edu
» Other Contributors
= Additional Emulator Weekly Meeting Team Members
= Joe Sheehi (RBSP Emulator Lead)
= Alan Mick (Data Systems Engineering)
= John Hayes (WISPR DPU/ISIS-EPI-L0)

3 APL

SPP Emulators




Purpose of Review

Solar Probe Plus
A NASA Mission to. Touch the Sun

= Primary Purpose:

* Finalize requirements for FULL Emulator, specifically those related
to physical interfaces to the instrument

» Secondary Purpose:
» Discuss GSEOS Requirements, Embedded Software Requirements

= APL Independent Reviews
» RBSP Emulator Lead
» Joe Sheehi
= SPP Instrument Emulators Leads for Avionics HW testing
= Taylor Green
= Dave Stott
= Andrew Harris

4 APL
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' Sblér Probe Plus

Timeline (Emulator Development) &

A NASA Mission to. Touch the Sun

= FEB 2013 SCE Emulator Intro Review w/Instrument Teams
= APR 2013 Mini Emulator Schematic Review
= MAY 2013 DRAFT Emulator Requirements Doc Completed
= JUN 12, 2013 Mini Emulator PWAs Testing completed
= JUN 20, 2013 Start Mini Emulator Deliveries
= JUN 20, 2013 Start Support of Mini Emulator Deliveries
= JUN 21, 2013 SCE Tag Up MTG w/Instrument Teams
= JUN 27, 2013 Emulator Requirements Peer Review -
= DEC 2013 Start Full Emulator Design
» FEB 2014 Emulator Design Peer Review
= April 2014 Start Full Emulator Deliveries
= April 2014 Start support of Full Emulator Deliveries
APL
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SCE Tag Up Meeting with

InStrument Team R RESUltS ..'S'bla{rProbe'Plus

» Held a “Pre-Emulator Requirements Review” Meeting with the
Instrument team on 6/21/13

= |ssues Discussed/Resolution

* [tem #1: Instrument Team requested to Baseline Linux, Emulator
baseline is Windows-7

= All instrument teams say they are okay with Windows,
however, WISPR and EPI Hi says they prefer Linux (ie.
Windows prone to reduced performance during Windows
updates, & reboot issues). Also favor Linux for long term OS
platform solution.

= Action: Elena Adams to Work with Martha Kusterer, SPP
SOC Lead and Mike Furrow, SPP Mission Systems Software
Lead to update GSEOS SOW to exercise the Linux OS option.
(Additional Cost). If accepted, Emulator would be compatible
with both Windows and Linux OS platforms and Instrument
team can choose desired OS to use. Instrument teams to
justify need and document request in email.

APL
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SCE Tag Up Meeting with

InStrument Team R Resu“'s ..'S'bla{rProbe-Plus

Issues Discussed/Resolution

= |tem #2: Seems none of the Instrument teams use the Full Emulator Internal 30V
power supply used for Instrument power outputs and Aux power outputs (ie.,
Heater/Actuator outputs). They all use an external power supply. FIELDS in
particular would like to have the power supply removed or turned off to reduce
power supply switching noise coupling to data signals.

» FIELDS would also use their own EGSE for Power switching circuits.

= Other Instruments would still use the Emulator internal power switching
circuits (FETS).

= Options:
1. Remove Internal 30V Power Supply from the design.
2. Add aswitch so that the 30V Power Supply can be turned off.

1. Action: Emulator Team’s choice to implement the
easiest/design generic option.

3. Note: GSEOS SW supports GPIB device drivers using external
USB/GPIB converter HW, allowing control of external power supply.

APL
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Emulator Status

Solar Probe Plus
A NASA Mission to. Touch the Sun

= Mini Emulator Hardware Status
= 16 boards are assembled/tested — 6/12/13
= 16 Emulator Front/Rear panels engraved — 6/19/13

= 1st Delivery to Instrument teams completed on 6/20/13

» Purpose for Mini Emulators
» Familiarize users with GSEOS and Emulator
» Improve and fix issues with the Emulator and GSEOS early
» Determineissues about customization early

= SPP Embedded Software Status
» UART Release 0 will be ready for delivery, ~ 6/25/13
= SpaceWire Release 0 will be ready for delivery, ~ 7/31/13

» SPP GSEOS Software Status
» UART Release 0 will be ready for delivery, ~ 6/25/13
= SpaceWire Release 0 will be ready for delivery, ~ 7/31/13

; APL
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Emulator Requirements Flow

Solar Probe Plus
A NASA Mission to. Touch the Sun

packet formats, data rates, timing

_________________________________ ,| SPPGSEOS
ICD (Bios)

SPP General Instrument GSEOQOS Software Documents
ICD (GIl) - DRAFT

(GIS_Electrical_Sections)|  TTT=---___

SPP OKBios User Manual

(SPP GIS Instru ICD CDH) g SPP T SPP GSEOS Users Manual
SPP SpaceWire GSEOS SOW ‘\\ GSEOS Users Manual
Interface between ICD-DRAFT \\\
Emulator and Inst 7434-9075 hN
o 1 SOC/ MOC Requirements
APL Documents o
v e Interface between

SPP SC Emulator Requirements 7434-7001 - Emulator and PC
1

I
v

SPP SC Emulator Software Development Plan 7434-9111

NOTES

Emulators are typically designed far in advance of S/C, Instruments and ground systems.
» Requirements process needs to be ITERATIVE since relevant ICD’s are still changing
= Mitigation
= The SPP Emulator design provides maximum flexibility since most of its functionality is in the FPGA and
Microblaze processor.
= 11 Mini-Emulators to be delivered early to better determine future requirements / issues.

= APL’s experience with Emulator design: we are re-using best parts of prior emulators (RBSP, New Horizons,
Messenger)

= APL’s experience with GSEOS APL
9 SPP Emulators




Emulator Requirements Flow

(Continued)

Solar Probe Plus
A NASA Mission to Touch the Sun

SPP < > < >
GSEOS OK XEM6010-LX45
GSEQOS 54K Flip Flops OKFPGA 30V Inst power Instrument
PC FPGA provides /2
Flexibility to AUX Do
Mitigate TBD 8
Requirements RTD Temp Sense
/8
Easier to change Hard to change
(GSEOS SW, Embedded SW, FPGA code) (Hardware)

APL
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Differences: Full vs. Mini Emulators &

A NASA Mission to. Touch the Sun

' Sélér Probe Plus

Capability Full Emulator Mini-Emulator
Instrument CMD/TLM (UART/SpW) (A/B) Interface YES YES
1PPS/PPS_Gated Interface (Instr EGSE IF) YES YES
USB Interface to PC (Opal-Kelly)

(Note: USB Power not used) YES YES
External 5V Input for Internal Emulator Logic NO YES
External AC Input for Internal Emulator Logic

(AC/DC converters) YES NO
Optical Isolation YES NO
30V Power OUTPUTS (10) YES NO
Temperatures (8)/Voltage/Current Sensors YES NO
EXT 30V SC BUS Power Supply Input/

Internal 30V SC BUS Power Supply YES NO
YES NO

Rack Mount (5”H x 19”W x 14”D (1”Hx 5”W x 7”D)

APL
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SPP Instrument Data Interfaces ¢ < =

Command UART A-Side

Spacecraft
C&DH A-Side | TelEmetry UART A-Side

Instruments x4: u NOte
FIELDS,

SWEAP, = FI[ELDS =
EPI-Hi, FIELDS1 &

Command UART B-Side EPI-Lo

'
Spacecraft FIEL DSZ
CEDH B-Side | Telemetry UART B-Side
= SpW Data/5trobe A-Side >
Spacecraft | 5
C&DH A-Side |2 5 | 52V Data/Strobe A Side
o
WISPR DPU
= o SoW Data/Strobe B-Side >
Spacecraft |& g
C&DH B-Side |2 8|  spw Data/Strobe B-Side
[~

APL
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SCE Mini-Emulator

Solar Probe Plus
A NASA Mission to. Touch the Sun

* Provides Instrument Data Interfaces only, No Power Interfaces, No
Temperature Interfaces

» Also provides 1PPS and Gated PPS Interfaces for Instrument EGSE
» GSEOS Interface is fully compliant

= Non-flight use only

» SCE data connectors are female MDMs (9F)
» SCE PPS test connector is male MDM (9F)

FRONT PANEL REAR PANEL

N J2 J3
INSTRUMENTA  INSTRUMENTB  PPS TEST CONN

n APL
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Mini-Emulator Block Diagram = © .5 Probeplus

PP INSTRUMENT
AC/5V SPACECRAFT MINI-VERSION
5V P
o > EMULATOR _Interface
TCP/IP S Side A
 TLM/DAT 9 8
. _ STROBE CMD/TLM UART/ SpW
+33y  MinifFull <cMDPAT| 7 (3.3V LVDS)
|_> EM Config STROBE
> HDR LVDS . UART
Opal Ke"y convert TLM/DAT Side B CMD Baud rate = 115.2 Kbps
G SEOS Daughter | e 9 8 TLM Baud rate = 115.2kbps, 345.6 Kbps
- < Space Wire
PC < usB > Card —> g%%/gég F CMD/TLM Signaling data rate = 30Mbps
INST CMD/TLM (XEM®6010), >
EMU CMD/STAT -
OPKCORFIG | INSTRUMENT
_ EGSE Interface
Microblaze Processor 12 9 3
Is part of FPGA v > ———VM —p 1PPSOUT TP
XC6S-LX45 JTAG CONN gy PPS_GATED1_TP
L v PPS_GATED2_TP
e PPS g [Test CONN
« ERR S
e +3.3V | (3)

Note 1: USB Cable and 5V Adapter cable are provided with Emulator Delivery,
PC is not part of Delivery.
Note 2: CMD/TLM UART Signals are shared with SpW Data Signals. Strobe signal is

not used for UART interfaces A PL
14
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SCE Full-Emulator

Solar Probe Plus
A NASA Mission to. Touch the Sun

* Provides Instrument Data, Power and Temperature Interfaces
» Also provides 1PPS and Gated PPS Interfaces for Instrument EGSE
» GSEOS Interface is fully compliant

» Designed for use with Flight hardware
= Data connectors are female MDMs (9F)
= PPStest connector is male MDM (9M)
» |nstrument Power connector is female DSUB (9F)
» |[nstrument RTD connector is male DSUB (9M)
= External Power Supply IF: Banana Jacks
= Front Panel D/S Test points: BNC m

. - tE

. Instrument Instrument
T
. S 88 . k
‘ \'J

Power ~ RTD Sensors
15 SPP Emulators

REAR PANEL

_ — - o 1
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SCE Full-Emulator

Solar Probe Plus
A NASA Mission to. Touch the Sun

Aux . .
Power Error
On Flags
Off
| Instrum A CMD/TLM
1 Instrum B UART/SPACEWIRE
Aux 0 IV Limit
Aux 1 GSEOS
Aux 2 Spare *  DinfTLM Sin Dout/CMD  Sout
Aux 3 1 PPS . p
A — ]
Aux 5
Aux 6
Aux 7

= Note: The 2 switches above drive Power FETs on/off; Internal P/S

remains powered. Individual Instrument and Aux power outputs are
Software controlled on/off. See next Slide.

16 SPP Emulators APL




SCE Full-Emulator s o)

Solar Probe Plus
A NASA Mission to Touch the Sun

= Full Emulator Instrument Power Interfaces

SW Control- Alarm

OPTO-FET
GSE-05 CMD ——ee e INST A
SW Control-Alarm Power
Front Panel Switch——M sproser GSE-OS CMD [ pp———
30V INST INST B
[— ] -
External , _EXT] e et Power
Power In _ ] (0.1 ohm)
Intemal Power + 1nsu-".'ol!
Sensor Retum
Supply -
30V @ 3A
] " 0V erowbas '— OFTO-FET 30 AUX OPTO-FET
Front Panel Switch c A P AUX1
ront Panel Switc R Erent Sensor 4 .
- (0.1 ohm) Power
AN S Control - Ala mm & oTorET
Veltage GSE-05 CMD | U 2
- o _’ e
Sensor S'W Control- Alarm Power
GSE.OS CMD
Retum .
L ]
L}
L ]
OFT O-FET
SW Control- Alasm . > AUX 6
.............. L :
GSE-O5 CMD Power
T — AUX 7
S/W Contral- Alarm f— e Power
GSE-05 CMD worvrrvofores »
T et AUX 8
SW Control- Alamn___ ¥ ] Power
GSE-O8 CMD (-
Retum

T APL
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Solar Probe Plus
A NASA Mission to. Touch the Sun

LCD DISPLAY
SPP Emulator Xx.xx
Volts  Amps
INST XX.XX XX.XX
HTR  XX.XX  XX.XX
Y INSTRUMENT
TCP/IP 4 I t f
D/SOUT_TP «—/ [BNCle—— |~~~ FTTTTTTTTT
TP «—/—BNCle— : i nterrace
1 0 1
1PPS OUT TP : SVI3.3V ' 3|?|;/ 1
PPS_GATED1_TP ! BUF Power | Power’ :
PPS_GATED2_TP | | ower | )
- -3 19 e v ! | Side A
M u 1 CMD/TLM UART/ SpW
K e 8 T (3.3V LVDS)
GSE-OS | use /| opalKelly | 4§ DIETEE 3 ) S TN
< —>| Daughter 3 CMD/DAT, | F l UART
PC INST CMD/TLM : Card 4 @ STROBE | | CMD Baud rate = 115.2 Kbps
EMU CMD/STAT ! /T VoS | : Side B TLM Baud rate = 115.2kbps, 345.6 Kbps
OPK CONFIG i - . TLM/DAT [ ] Space Wire
i 1 STROBE (9O T CMD/TLM Signaling data rate = 30Mbps

i e

Instr/Aux

PWR on/off Status v

ITAG SW;On/Oﬁ Ctrl

EXT 30V POWER IN ﬁ
EXT POWER RTN —————» 1| Switch >

| “CVDIDAT_] — l¢ >
LED DISPLAY 4—' ! stroee 0| F l
Error Status, OPTO-1SO —l ! g

4 IV oyt [
CHASSISGND ———— @ 1(30V@ 3A| ¥ Sensors b5 > INST Power A
‘| Power 16 cH FI(E&T £ i F » INST Power B
— ] ) . !
AC POWER N D switches —= | | 8/ 4 AuxHitr Power 1-8
) I/F '
' | Power :
| t | 2_5| g
i 8 RTD TEMP Sensors — M RTD Temperature
"""""""" Sense

APL
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SPP SC Emulator Updates

Update Requirements to SPP Instrument ICDs and SpW ICD for
WISPR DPU

Provide A/B UART interfaces
Provide A/B SpW link with configurable SpW bus schedule
Support Virtual PPS (no distinct 1PPS line)

Support 345.6 KBAUD (Was 400 KBAUD) Telemetry link from
FIELDS and SWEAP

GSEOQOS version 7 will be used for SPP

Mini- and Full-Emulators will have 2 gated-PPS test outputs with
GSEOS command for arm/disarm/one-shot with programmable
pulse width and delay from PPS (Timing on Next Slide)-In addition
to 1 PPS output

SCE data connectors will be female MDMs, PPS test connector will
be male MDM

' Sblér Probe Plus

APL
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SPP SC Emulator Updates

Solar Probe Plus
A NASA Mission to. Touch the Sun

= 5V Power no loner supplied thru USB interface, Separate External
AC/5CV adapter plug used for Mini. Internal 5V supply used for Full

= GSEOS SW verified compatibility with GPIB Drivers, but requires
Ext HW supplied by Instrument Team (eg USB/GPIB converter)

» Spacewire RMAP (Remote Memory Access Protocol) will be
Implemented in Embedded SW

APL
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SPP SC Emulator Updates

» 1PPS & GATED PPS Timing (To Instrument EGSE)

B0 us

o aTemgy

Solar Probe Plus
A NASA Mission to. Touch the Sun

1 PPS ¥ T | 1
- I Sec -
ARM T
Request ' \1\

ARMED Stane

(REF ONLY)

PPs GATELD OLUT

'

(Default, 0 us delay, 80 us Pulse width)

PPS GATED QL

|
40 us, Delay |

* 20 us, Pulse Width

(Default, 40 us delay, 20 us Pulse width)

Figure 9 PPS Gated1 (2) Timing

APL
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SPP SC Emulator Updates

» UART Timing

Solar Probe Plus
A NASA Mission to. Touch the Sun

Data Woed Logic Values 1 1 0 0 1 1 1 0 Q

- - - - - - - - - - - =
- - - - - - - - - - - -
- - - - - - - - - - L] -
- - - - - - _.._‘..-r‘
L] - b - = b -
- b - = b -

::5:5:55:51":‘\—;5@
Stat — H Data { True Logic r4)] Party ( Odd )

= SpaceWire Data/Strobe Timing

Data 0 1 0 0 1 1 0 1 1 0
|
D
S

APL
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SPP SC Emulator Updates

» Command/Telemetry Timing (UART)

Solar Probe Plus
A NASA Mission to. Touch the Sun

Subsecond MET Rollover and Integer
/ MET Increments in Avionics

1PPS
(not distributed)
< One MET second >
< One Command ITF >
1 Stop Bit < Inter-byte Gap <1 ms
<10 us 2150 ms
<> —> - < >
Command _— -— - —
(from Active C&DH Side) Byte 1 Byte 2 | —| Byte N-1 Byte N 100 ms
\ Instrument senses transition within 10 usec (TBR) to After 100 ms idle time/

generate Virtual 1 PPS and:

1. updates local copy of MET with MET received in the
previous second (TBD us delay allowable)

2. Initiates Transmission of telemetry data for that
second

Instrument arms edge
detection for next Virtual 1 PPS

< 0to N Telemetry ITFs

Telemetry =T~
(to Active C&DH Side) Byte 1 Byte 2 | }7 —| Byte N-1 Byte N

\

A
\

oy

t

P  >10ms
dead time

AvA
o
c

<990 ms

= APL
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SPP SC Emulator Updates gk Sl

First Circuit Interface (UART/Spacewire)

SpW_Din_UART_CMD_P
FIN1031 9

From FPGA

SpW_Din_UART_CMD_P

ﬁ

3.3V LVDS 5
| Spw_SouP o o | INSTRUMENT
From FPGA INTERFACE
1 SpW_Sout_N
4 | MDMO9-FEMALE (J1, J2)

SpW_Din_UART_TLM_P (Separate Connectors for Side A & Side B)
1 (mating connector is male)

FIN1032

To FPGA
SpW_Din_UART_TLM_N

%}

SpW._Sin P (Sin/Sout are not used for UART Interfaces)
2

FIN1032

To FPGA

Connector PN: M83513-13-A01CP (Right Angle)

5.3V LVDS § 6 Note: * = SpaceWire Strobe Signals
§ (Glenair/Mouser)

%}

SpW_Sin_N

3.3V LVDS

T 3

APL
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SPP SC Emulator Updates

Solar Probe Plus
A NASA Mission to. Touch the Sun

First Circuit Interface (1 PPS -EGSE I/F)

INSTRUMENT EGSE INTERFACE

SN74LVC244ADBR

From FPGA f'\f(\:’Mo ZW 1PPS > 1 MDMg'MALE (\]3)
(mating connector is female)
GND Connector PN: M83513-10-A01CP (Right Angle)
6 (Glenair/Mouser)
SN74LVC244ADBR
From FPGA o 2000hms  ppg GATED1 Pins:2,3,7: Ground)
Lvemo AN > 4
GND 3
il
From FPGA 2000hms  ppg GATED2
4@/ AVAVAYA > 5
GND 9
il

APL
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SPP SC Emulator Updates

Solar Probe Plus
A NASA Mission to. Touch the Sun

SPP Emulator Power Services Requirements

Emulator Baseline Internal Power Services Capability

Service Type Cutput | (Max) ary
Instrument PWR 3A total Instru+ Aux outputs 2
ALK PWR 34 total Instru+ Aux outputs 8
TEMP MA 8

{Internal power supply = 30V @3amps)

Instrument RTD Temperature Sensor Needs

Emulator Meets
Instrument
Main Instrument Description Total QTY Needs? Comments
1 WISPR-Instrument RTD TEMP 6 Yes per E. Adams 4/23/13
2 FIELDS-Instrument RTD TEMP H] Yes per E. Adams 6/08/13
3 SWEAP-Instrument RTD TEMP 2 Yes per E. Adams 6/08/13
4 ISIS-EPI HI-Instrument RTD TEMP 3 Yes per E. Adams 4/23/13
5 ISIS-EFI LO Instrument RTD TEMP 3 Yes per E. Adams 4/23/13

APL
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SPP SC Emulator Updates

Instrument Power Services Needs

Emulator Meets

Instrument
Main Instrument Description Total OTY |PWR (W[ (amps) Needs? Comments
1 WISPR-Instrument Main 1 15 0.68 Yes
WISPR-Aux 4 Yes
[WISPR Sure HTR] 34 0.10 Yes per E. Adams 5/10/13
[OFP HTR) 46 0.13 Yes per E. Adams 5/10/13
per E. Adams 4/26/13, 3 Amps @ 28 V for 40 ms
Note: Update 6/21/13 per Tag Up MTG: When
Door deploy power is combined with main
power (3.68 amps), exceeds internal supply
capability, how , WISPR will use its
own external Power Supply and will not use
[Daar Deploy AIE-2) 00 Mo the internal supy 5 not an issue.

MfA: Uses FIELDS EGSE Power Supply, per Stu

2a FIELDEL -Instrument Operational Power Input 1 115 /A /18/

MfA: Uses FIELDS EC‘E Power Supply, per Stu

FIELDEL -Aux Survival Pawer Input 1 3 0.09 /A Harris, 6/18/13
[&nt Deploy whips Cage 1-44] 4 MN/A: Uses FIELDS EGSE, per Stu Harris 13
[&nt Deploy whips Cage 1-4E] 4 Uses FIELDS EGSE, per Stu Harr 3
[Ant Deploy Hinge 12 TIMI pin puller 1 NJA: Uses FIELDS EGSE, per Stu Harris f13
[&nt Deploy Hinge 28] 1 : Uses FIELDS EGSE, per Stu Harris 3
[&nt Deploy Hinge 3&48) 2 Uses FIELDS EGSE, per 5tu Harr 3
[&nt Deploy Hinge 3E] TIMI pin puller 1 JA: Uses FIELDS EGSE, per Stu Harris, 6/18/13
[&nt Deploy Hinge 4E) 1 [A; Uses FIELDS EGSE, per Stu Harr f13
[Ant Deploy Hinge 15:28) 2 /A Uses FIELDS EGSE, per 5tu Harris, 6/18/13

NfA: Uses FIELDS EGSE Power Supply, per Stu

2b FIELDS2 -Instrument Operational Power Input 1 6.5 0.31 /A Harris, 6/18/13
MfA: Uses FIELDS EGSE Power Supply, per Stu
FIELDS2 -Aux Survival Pawer Input 0 Harris, 6/18/13

Main/Cover Mechanism/Op

Note: Update 6/21/13: Assumes baseline where

nstrument power also INCIues Cover

SWEAP-Instrument Heater 1 23.6 Yes Mechanism and Operation Heater
SWEAP-Aux 0 Yes
—
4 I515-EP1 HI-Instrument Main 1 0.27 Yes
ISIS-EPI HI-Aux 2 Yes
[Surv & Warm Up HTR) 3.2 0.0% Yes per E. Adams 5/6/13
[OF HTR) 0.33 0.01 Yes per E. Adams 5/6/13
. ___________________________________|
5 ISIS-EPI LO Instrument Main 1 5 0.23 Yes
ISIS-EPI LO -Aux 1 Yes
[Surv & arm Up HTR] 25 0.07 Yes per E. Adams 5/6/13

S‘ﬁlér Probe Plus

A NASA Mission to. Touch the Sun
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' Sblér Probe Plus

Requirement Document Review &

A NASA Mission to. Touch the Sun

» See SPP Emulator Requirements Document (7434-7001)
» (Read Thru-page by page)

APL
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Conclusion

Solar Probe Plus
A NASA Mission to. Touch the Sun

= [nstrument concerns
= Questions?

APL

29 SPP Emulators



Backup Slides

Solar Probe Plus
A NASA Mission to. Touch the Sun

Backup slides

APL
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acecrait Block D e Solar Probe Plus

Solar Probe Plus Spacecraft Block Diagram

- - g BB
Revision 4-17-2013 Il REM) Ly al
Test Panel CCD (ARC} pyL FDU  azB

ECU AGB

SLS ASB IMU A
Fump Ctrl 868 FOUA
XPDRA&E Ck PSEA

RIU dPALB Star Tr|
AZB  P1.F3 Thrusters Wheels A&B

3 <
[0
@ 0
w0
o3 m h
Qo TAC A
26 HT
) LA Redundant Electronics Module A
8 % T-Sensors
hoa P
p REM >
9 EE R'tg;“ wDCDC &
== - Mux g
95 E =
2838 &
I RIU-B REM
@) —»DCDC
- Mue FIELDS

T-Sensors

Ka-band

Redundant Electronics Module B e

TACB

G&C

Clk (REM) BB Unswitched Switched

ChARC)UL Loads  Loads
[l

XPDRA&GB CIk PSEB

<) Solar Limb m riu  P1. P4 Thrusters Wheels Star Tr| " o ASE  POUEB
E Sensor B E Asp dPA&B A&B ump Lin CMD || Relay Cap f'—r CMD
u o SLS A&B IMU B || TS st || SV

I, = | ECU AZB | 3 ; (5) :

1 =} S| |

o MU o e c

™5 M Propulsion Test Panel ¥ ‘ i v

REMA UMB | BWs

Cooling PWR
Sys Diode|
Box

Test &

REM A RIU&REM UMB

AZB _ Panal
PDU

Paower Bus

- I Reme Junction
z o Diode Box CMD TLM A REM A
4 P Solar Array }_‘ Buck '::: Controller A
E : Junction Converters (4) pr——
gT 2 LB Thrusters Power System Electronics CMDTLM B REMEB
= w

@

Star A&B H'JA“j r’REM 488 Separation E E TPS, Heaters &
Tracker B i =T} m Hardware Temp Sensors
SAWing 1 SA Wing 2
ZEE E zm g QQ8e F&F Drives F&F Drives TBUs

HGA
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Solar Probe Plus
A NASA Mission to Touch the Sun

(_)].')Zﬂ KC”\-’ Products Support Forums

The Opal Kelly XEM 2010 is an expertly-designed module thatis the heart of
our instrument - the central core of our CMOS Image Sensor Lab ISL-1600. It
provides a development platform and a communications layer that dramatically
reduced development engineering expense and accelerated time-to-market.

n Vasey, CEQ, Jova Solutions

The XEMG010 is a USB 2.0 integration module based on the remarkably-capable Xilinx Spartan-6
FPGA. In addition to a high gate-count FPGA, the XEME010 utilizes the high transfer rate of USB 2.0
for configuration downloads, enabling speedy FPGA configuration and data transfer. With integrated
SDRAM, power supplies, and platform flash, the XEME010 is a worthy successor to the most
popular Opal Kelly module.

On-Board SDRAM
Built with an integrated 128-MiB SDRAM, the XEME010 has abundant on-board memory for high-
performance applications, including data and image acquisition as well as signal processing.

Need More Bandwidth? XEM6010, oo
The XEME110 is a footprint-compatible version of the XEMG010 that uses external PC| Express - s Add to Cart
offering a nearly 5x bandwidth improvement over USB 2.0. ——

FrontPanel Software Control Panel and API XEM6010. e
Opal Kelly's FrontPanel software interface is an easy-to-use, robust APl for communication, : a0 Add to Cart

configuration, and interfacing to your PC. FrontPanel handles all the interaction between your
software and the FPGA internals, dramatically reducing the time and effort required to interface to a design.

Prototyping and OEM Integration

The XEMG010 is ideally suited to prototyping systems and integration into OEM devices where a USB interface, flexible hardware solution, or PC software interface would
be useful. The XEMG010 can easily be added to a new board design to provide turnkey LSB integration with the convenience of the FrontPanel programmer’s interface and
existing USB drivers.

Azido Support

Download the free Azido System Description for the XEMG010 and accelerate your development.

32

SPP Emulators



Opal Kelly Daughter Card

RBSP

Product Comparison

AEM3010-1500P

l SPP

AEME010-LX45 AEM3050-4000P

o aTemgy

Solar Probe Plus
A NASA Mission to. Touch the Sun
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Slice Architecture’
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' Spartan-5 has improved slice density with S-input LUTs and more LUTs and DFFs per slice.

partan-& DSP blocks include MULT and integrated 48-bit accumulator.

partan-& MCBs (memory controller blocks) reduce the fabric resources consumed for memory support.
partan-§ includes PLLs for greater clock management flexibility.

ACBSLXK150-2
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Opal Kelly Daughter Card. 68 Sl

Block Diagram
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: 1PLLCLE Y :
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Solar Probe Plus
A NASA Mission to. Touch the Sun
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WISPR DPU Delivery DEMO

' Sblar Probe Plus

GSEQOS Screen Shot Results

= Results from Mini Emulator SN1 Delivery to WISPR DPU Instrument Team running GSEOS Demo SW (Internal Loopback). Green indicates
data is synchronized and running.
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Solar Probe Plus
A NASA Mission to. Touch the Sun
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Emulator Documentation

Solar Probe Plus
A NASA Mission to. Touch the Sun

= APL Documents
SPP GSEOS Statement of Work
SPP GSEOS Proposal —response to SOW above
SPP SC Emulator Requirements (7434-7001)
SPP SC Emulator Software Development Plan (7434-9111)
SPP Emulator Software Design Document (7434-XXXX)
» Design Files (PLM)
= SPP Mini Emulator Top Assembly (7434-7110)

= PWA (7434-7100)
= Schematic (7434-7101)
» Electrical Parts List (EPL) (7434-7102)
= PWB (7434-7104)

» SPP FPGA Design Files (GFORGE Repository)
= SPP Emulator Embedded Software (GFORGE Repository)

5 APL

SPP Emulators



Emulator Documentation

(Continued)

Solar Probe Plus
A NASA Mission to. Touch the Sun

» GSE Software Documentation (Wwww.gseos.com)
= SPP Emulator ICD (Bios Manual) (Rev 11)
» —describes packets between Emulator and GSEOS
= SPP OK Bios Users Manual —describes Opal Kelly interface
» SPP GSEOS User Manual (Rev xx) —How to use SPP GSEOS
= GSEOS User Manual
= APL Procedures
= SPP Mini Emulator HW Test Procedure(7434-7021)
= SPP Mini Emulator Startup Procedure (7434-7022)

5 APL
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http://www.gseos.com/

SPP SC Emulator Updates

( ) Solar Probe Plus
A NASA Mission to. Touch the Sun

First Circuit Interface (GND-EGSE I/F)

GROUND
INTERFACE (Optional)

Barrel Receptacle NP
A~
Connector PN: SJ1-3544N

(CUIl Inc/Digikey)

J4

GND

M (O | —

APL
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Emulator Team Test Support

Solar Probe Plus
A NASA Mission to. Touch the Sun

» SCE deliverables will be the Mini- and Full-Emulators and GSEOS
deployment via downloads.

» SCE Team will develop Hardware and GSEQOS Software User
Manuals

» User’s Manual will describe host PC configuration

» User’'s Manual will describe steps to complete a GSEQS,
embedded firmware and embedded software upgrade

= SCE Team will maintain a website forum for SCE Users

42 SPP Emulators APL



Instrument Team Test Support &

A NASA Mission to. Touch the Sun

' Sélér Probe Plus

* Instrument Teams will provide:

= Host PC to run GSEQOS

» The Mini-Emulator will be designed and tested for compatibility to
64-bit Windows 7 (32-bit Windows 7 would be OK with the proper
Opal Kelly drivers and minor GSEOS configs)

» The Full Emulator will offer additional flexibility as requested

» GSEOS support of SOC operations will offer additional flexibility as
requested

» SCE will use an Opal Kelly XEM6010, the PC will need to have driver
version 4.x installed (current designing to 4.2.5)
* Harnessing

* Flight-rated power supply for use with flight-unit testing using the
Full-Emulator

= As needed for HW development , test and debug: Detailed
analysis and compliance GSE (O’scopes, logic analyzers,
SpW/UART protocol analyzers, EMI/EMC and EDTRD-specific
testing)

n APL
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Emulator Deliverables

Solar Probe Plus
A NASA Mission to. Touch the Sun

Mini-Emulator earliest delivery is in June 2013
Full-Emulator earliest delivery is in April 2014
Emulator Schedule updates will be via the Project IMS

Project

FIELDS | WISPR ISIS SWEAP | Spares
Mini-Emulators| qty 4 2 3 2 2
Full Emulators | gty 1 2 3 2 2

FIELDS requested for 1 additional Full EM 5/28/13

» (Total: 11 Full EMs)
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Detall Mini-Emulator Deliverables

A NASA Mission to. Touch the Sun

' Sblér Probe Plus

Delivery
# Date Instrument User Comment
Mini-

Emulators | 1 6/20/13 DPU #1
2 6/21/13 FIELDS #1
3 6/26/13 ISIS #1
4 7/1/13 SWEAP #1
5 7/5/13 FIELDS #2
6 7/10/13 DPU #2
7 7/15/13 ISIS #2
8 7/18/13 SWEAP #2
9 7/23/13 FIELDS #3
10 7/26/13 ISIS #3
11 7/31/13 FIELDS #4
12 8/13/13 SPARE #1
13 8/21/13 SPARE #2
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