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ROVER INERTIAL MEASUREMENT UNIT (RIMU)/ROVER ELECTRONICS MODULE (REM) INTERFACE

and

BACKSHELL INERTIAL MEASUREMENT UNIT (BIMU)/ROVER ELECTRONICS MODULE (REM) INTERFACE

1.0 PURPOSE

This document defines the information interface between the Rover and Backshell Inertial Measurement Units (RIMU and BIMU) and the Rover Electronics Module (REM). The primary emphasis is placed on the signal contents and timing information between the IMU interface and the IMU Interface Field Programmable Gate Array (FPGA) on the Payload Services Analog Board (PSAB).  The Ground Support Equipment (GSE) test interfaces for the RIMU and BIMU are not documented here; this is part of the PSAB IMU Interface FPGA and this information can be found in the PSAB HW/SW Interface Document.  Detailed specifications for each subassembly and peripheral device should be referenced to an appropriate Equipment Specification.

2.0 APPLICABLE DOCUMENTS

PROJECT DOCUMENTS (JPL)

420-3-478
MER Electrical Interface Control Document

1) Function List


2) MER Circuit Data Sheets (CDS)

a. PPS-ACS: 004-007

b. AVS-ACS: 006-007

c. AVS-THRM: 006-011

420-2-431.b
Pointing, Positioning, Phasing, and Coordinate System (PPPCS) Document - Section B: Phasing

420-3-480.r
Avionics-Power Interfaces Information Interface Control Document 


420-3-568 Payload Service Analog Board (PSAB) Hardware/Software Interface Document

420-3-579 Lander Stage Interface & Drivers (LSID) Users’ Manual

ES518620
Rover Power Converter Unit Requirements (RPCU) Specification

N/A

Payload Services Board IMU FPGA Specification

PROJECT DOCUMENTS (BALL AEROSPACE)

564769

Product Function Specification, Backshell Pyro Switching Assembly


LITTON DOCUMENTS
311875
LN-200 Inertial Navigation Measurement Unit Source Control Drawing Specification, February 17, 2000, Revision V

830517
Software Design Document for the IMU Computer Software Configuration Item of the LN-200 Core System, 01 April 1998, Revision A

99-011

LN-200S Low Cost Space Inertial Measurement Unit Product Description
IBM

GA27-3093-2
IBM Synchronous Data Link Control (SDLC), General Information, March 1979

3.0 DESCRIPTION

3.1 Overview

The MER Rover and Backshell IMU assemblies are identical Litton LN-200 Inertial Measurement Units.  The information in this document is primarily based on the LN-200 Inertial Navigation Measurement Unit Source Control Drawing specification, Rev. V, released on February 17, 2000 and on the LN-200S Low Cost Space Inertial Measurement Unit Product Description (99-011).

The LN-200 IMU is an all-attitude strapdown unit that measures velocity and angle changes in a coordinate system fixed relative to its case.  Digital output data of incremental velocity and incremental angle are provided at a 400 Hz update rate.  Each unit contains a sensor assembly and two printed wiring boards (PWBs).  The sensor assembly contains three, orthogonal Fiber Optic Gyroscopes (FOGs) for measuring angular rate and three, orthogonal Silicon accelerometers for measuring linear acceleration.  One PWB contains analog electronics and optical interface to the inertial instruments.  The other PWB contains the digital signal processor that compensates the gyro and accelerometer data and provides the output data. Data outputs consist of incremental angle and velocity changes that have been compensated for temperature and other calibration parameters.  This data is output over an RS-485 serial data bus.  Input power to the unit is conditioned +/- 15 and + 5 Vdc. 

The primary function of the Backshell IMU (BIMU) is to support parachute deployment, Tranverse Impulse Rocket System (TIRS) operations, and Cruise pseudo-celestial operations.  The primary function of the Rover IMU (RIMU) is to also the support the above mentioned BIMU functions as well as supporting surface deployment, navigation, and HGA pointing operations.

[image: image32.jpg]



Figure 1. Simple Block Diagram of MER IMU Interfaces

ELECTRICAL INTERFACES

3.2 Interface Pinout Summary

The interface pinout for the LN-200 IMU are shown below in Table 1.  The signal descriptions for the LN-200 are given in Table 2.  The Rover IMU and Backshell IMU do not have the same pin connections interfaced and this is shown in the following tables.

Note: For input discretes, logic low is ground and logic high is open.  When open, the line is pulled up to +5 V DC in the IMU.

NOTE:
THIS IICD IS NOT THE CONTROLLING DOCUMENT ON CONNECTOR AND PIN INFORMATION!  PLEASE REFER TO THE MOST CURRENT EICD FUNCTION LIST AND CIRCUIT DATA SHEETS.
Table 1.  LN-200 Interface Pinout for MER 

[image: image2.wmf]NAME

I/O

TYPE

Rover IMU

Backshell IMU

A1

Serial Data Termination (B1)

No

No

A2

Serial Data *

Differential Output

RS-485

Yes - PSAB

Yes - PSAB

Yes

A3

Serial Data Clock*

Differential Output

RS-485

Yes - PSAB

Yes - PSAB

Yes

B1

Serial Data

Differential Output

RS-485

Yes - PSAB

Yes - PSAB

Yes

B2

Serial Data Clock

Differential Output

RS-485

Yes - PSAB

Yes - PSAB

Yes

B3

Serial Data* Termination (A2)

No

No

C1

Signal / Power Ground No. 1

Signal / Power Ground

GROUND

Yes - RPCU

Yes - BPSA

C2

Inhibit* Internal POR

Input

DISCRETE

No

No

C3

Serial Data Clock Termination (B2)

No

No

D1

Signal / Power Ground No. 2

Signal / Power Ground

GROUND

Yes - RPCU

Yes - BPSA

D2

Signal / Power Ground No. 3

Signal / Power Ground

GROUND

Yes - RPCU

Yes - BPSA

D3

Chassis Ground

Chassis Ground

GROUND

No

Yes - BPSA

E1

+5 VDC Power No. 1

+5 VDC

POWER

Yes - RPCU

Yes - BPSA

E2

+5 VDC Power No. 2

+5 VDC

POWER

Yes - RPCU

Yes - BPSA

E3

+5 VDC Power No. 3

+5 VDC

POWER

Yes - RPCU

Yes - BPSA

F1

-5VDC Power No. 1, Open for Internal -5 VDC

-5 VDC

POWER

Open

Open

F2

-5 VDC Power Sense, Open for Internal -5 VDC

-5 VDC

POWER

Open

Open

F3

+15 VDC Power

+15 VDC

POWER

Yes - RPCU

Yes - BPSA

G1

Power - On - Reset *

Input

DISCRETE

Yes - PSAB

No

G2

-15 VDC Power

-15 VDC

POWER

Yes - RPCU

Yes - BPSA

G3

Do Not Inhibit BIT-Failure Shutdown

Input

DISCRETE

Yes - PSAB

No

H1

Fast Restart*

Input

DISCRETE

No

No

H2

Time Out Counter Fail

Output

DISCRETE

Yes - PSAB

No

H3

Reserved - Do Not Shutdown Power Supply

Output

DISCRETE

No

No

J1

Reset Nuclear "Event" Latch

Output

DISCRETE

No

No

J2

Do Not Execute Command BIT

Input

DISCRETE

Yes - PSAB

No

J3

Spare No. 3 (Internally Connected)

No

No

K1

Signal / Power Ground No. 4

Signal / Power Ground

GROUND

No

Yes - BPSA

K2

Reserved -- Do Not Disable Serial I/O

Input

DISCRETE

No

No

K3

Reserved --- Direct Read / Write mode disable

Input

DISCRETE

No

No

L1

External Sync Termination (L2)

No

No

L2

External Sync

Differential Input

RS-485

No

No

L3

External Sync*

Differential Input

RS-485

No

No

M1

End of Output Data Sampling *

Differential Output

RS-485

Yes - PSAB

Yes - PSAB

Yes

M2

End of Output Data Sampling

Differential Output

RS-485

Yes - PSAB

Yes - PSAB

Yes

M3

Reserved -- EEPROM Programming Voltage

Input

VOLTAGE

No

No

N1

Reserved -- Serial I/O Local / Remote* Master

Input

DISCRETE

No

No

N2

Reset Time Tag Counter *

Input

DISCRETE

No

No

N3

Spare No. 1 (Internally Connected)

No

No

P1

Spare No. 2 (Internally Connected)

No

No

P2

Reserved -- Serial I/O Station Address No. 2

Input

DISCRETE

No

No

P3

Reserved -- Serial I/O Station Address No. 1

Input

DISCRETE

No

No

IS PIN CONNECTED?

PIN 

NO.

Through 

Bridle?


Table 2.  Signal Descriptions
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I/O

TYPE

SIGNAL DESCRIPTION

A1

Serial Data Termination (B1)

Not used if A2/B1 (if used) have a balanced termination 

at the receiving end.

1

A2

Serial Data *

Differential Output

RS-485

A3

Serial Data Clock*

Differential Output

RS-485

The serial data clock is internally generated at 1.0152 

MHz and 50% +/- 10% duty cycle.  Capability also 

included in the IMU to select an external data clock 

(F

LOWER

 > Message bit rate, F

UPPER

 < 2 mHz) 

generated by user.

B1

Serial Data

Differential Output

RS-485

B2

Serial Data Clock

Differential Output

RS-485

See Pin A3.

B3

Serial Data* Termination (A2)

Not used if A2/B1 (if used) have a balanced termination 

at the receiving end.

1

C1

Signal / Power Ground No. 1

Signal / Power Ground

GROUND

Signal/Power grounds connected internally in the IMU.  

Total ground current is about 4 Amps maximum split 

among the four ground lines (Pin C1, D1, D2, and K1).

C2

Inhibit* Internal POR

Input

DISCRETE

A logic low on Pin C2 will inhibit the operation of the 

internal POR.

C3

Serial Data Clock Termination (B2)

Not used if A3/B2 (if used) have a balanced termination 

at the receiving end.

1

D1

Signal / Power Ground No. 2

Signal / Power Ground

GROUND

See Pin C1.

D2

Signal / Power Ground No. 3

Signal / Power Ground

GROUND

See Pin C1.

D3

Chassis Ground

Chassis Ground

GROUND

Chassis ground which is not connected to signal/power 

ground in the IMU.  The IMU user should connect this 

ground to signal/power ground at the main power 

supply.

E1

+5 VDC Power No. 1

+5 VDC

POWER

+5 V DC power lines and must carry up to 2.4 Amps.  

The +/- 5% tolerance must be maintatined at the IMU 

connector pints at all power levels.

E2

+5 VDC Power No. 2

+5 VDC

POWER

See Pin E1.

E3

+5 VDC Power No. 3

+5 VDC

POWER

See Pin E1.

F1

-5VDC Power No. 1, Open for Internal -5 VDC

-5 VDC

POWER

External -5 V DC power line and must carry up to 0.7 

Amps if external -5 V DC is used. IF Pin F1 IS 

CONNECTED TO -5 V DC AND Pin F2 IS OPEN, IMU 

DAMAGE MAY OCCUR.  Both Pins F1 and F2 are 

open or NC for internal -5 V DC.

F2

-5 VDC Power Sense, Open for Internal -5 VDC

-5 VDC

POWER

External -5 V DC sense line and must be connected to -

5 V DC external if -5 V DC is used.  Also see Pin F1.

F3

+15 VDC Power

+15 VDC

POWER

+15 V DC and carries 0.2 Amps steady state.  The +/- 

5% tolerance must be maintained at the IMU connector 

pints at all power levels.

G1

Power - On - Reset *

Input

DISCRETE

The LN200 has an internal POWER-ON-RESET that 

inhibits IMU operation until the input voltages have 

stabilized and are within specification.

The POWER-ON-RESET input discrete will override 

the internal POR.  If it is used, it shall be a logic low 

until at least 10 ms after the last supply has risen to 

within its tolerance; then the discrete shall transistion to 

a logic high to allow normal operation.  The discrete 

shall return to a logic low if any supply goes out of 

tolerance.  POWER ON RESET is on Pin G1.  The IMU 

is in reset if external POR is low (input voltage out of 

specification).

G2

-15 VDC Power

-15 VDC

POWER

-15 V DC and carries 0.3 Amps steady state.  The +/- 

5% tolerance must be maintained at the IMU connector 

pints at all power levels.

G3

Do Not Inhibit BIT-Failure Shutdown

Input

DISCRETE

IMU-detected failures that have potential for permanent 

damage to the IMU initiate an IMU shutdown sequence.  

This discrete when ground or a logic low inhibits the 

IMU from shutdown.  Failures are reported in IMU 

status, Word No. 7.

PIN 

NO.


Table 2 (Continued).  Signal Descriptions

[image: image4.wmf]NAME

I/O

TYPE

SIGNAL DESCRIPTION

H1

Fast Restart*

Input

DISCRETE

If the input power to the IMU is interrupted, this discrete 

may be used together with Power-On-Reset (POR) to 

bypass Turn-On BIT and reduce the restart time to less 

than 125 ms.  For fast restart, this input discrete is set 

to a logic low when POR is applied and is latched or 

remains low for at least 20 ms after POR is removed.  

This discrete would be used for IMU restart after a 

nuclear event.

H2

Time Out Counter Fail

Output

DISCRETE

Time Out Counter (TOC) Fail indicates that all of the 

foreground software tasks are not being completed.  

The counter times-out in 1.28 seconds.  The reset 

occures at a 1 Hz rate.  When a failure occurs, Pin H2 

switches from ground to high, and the laser diode 

module is disabled.  If shutdown-inhibit, Pin G3, has 

been grounded, the laser diode module is not disabled 

and only the TOC discrete is set.  This signal is deleted 

when H2 is used for the differential Power On Reset 

input.

H3

Reserved - Do Not Shutdown Power Supply

Output

DISCRETE

NOT AVAILABLE. FACTORY TEST ONLY

J1

Reset Nuclear "Event" Latch

Output

DISCRETE

NOT AVAILABLE

J2

Do Not Execute Command BIT

Input

DISCRETE

This discrete allows the user equipment to request the 

IMU to execute internal self test.  A ground or a logic 

low activates the execution of the bit software.  NOTE: 

Output data are not valid during commanded BIT.

J3

Spare No. 3 (Internally Connected)

Internally connected.  Available if desired.

K1

Signal / Power Ground No. 4

Signal / Power Ground

GROUND

See Pin C1.

K2

Reserved -- Do Not Disable Serial I/O

Input

DISCRETE

NOT AVAILABLE. FACTORY TEST ONLY

K3

Reserved --- Direct Read / Write mode disable

Input

DISCRETE

NOT AVAILABLE. FACTORY TEST ONLY

L1

External Sync Termination (L2)

Not used if L2/L3 (if used) have a balanced termination 

at the receiving end.

1

L2

External Sync

Differential Input

RS-485

False for > 21 us, true for > 21 us, 100 Hz.  The IMU 

phase locks to this signal and adjusts its internal dat 

latching frequency to be in phase with the rising edge 

of this external sync signal to an accuracy of 125 us.  

The time at which internal data is latched is changed in 

55 msec steps until the data latch occurs at the same 

time as the rising edge of the input data sync pulse.  

Instrument performance does not change with the use 

of external sync.  The external synchronization signal 

must be present within 40 ms after all power is within 

specification, and must be 100 Hz +/- 0.4 Hz in order to 

maintain sync.  The smaller the difference between the 

LN200 clock and the external sync input, the less the 

output data jitter.

L3

External Sync*

Differential Input

RS-485

See Pin L2.

M1

End of Output Data Sampling *

Differential Output

RS-485

True, False for > 8.0 us, then true again.  The falling 

edge is coincident with the internal latching of data to 

be output on the digital data bus.

M2

End of Output Data Sampling

Differential Output

RS-485

See Pin M1.

M3

Reserved -- EEPROM Programming Voltage

Input

VOLTAGE

NOT AVAILABLE. FACTORY TEST ONLY.  This input 

voltage is to be used in the test mode only in 

conjunction with the direct read/write input discrete and 

will allow programming the EEPROM firmware and 

sensor calibration parameters.

N1

Reserved -- Serial I/O Local / Remote* Master

Input

DISCRETE

NOT AVAILABLE. FACTORY TEST ONLY

N2

Reset Time Tag Counter *

Input

DISCRETE

NOT AVAILABLE

N3

Spare No. 1 (Internally Connected)

Internally connected.  Available if desired.

P1

Spare No. 2 (Internally Connected)

Internally connected.  Available if desired.

P2

Reserved -- Serial I/O Station Address No. 2

Input

DISCRETE

NOT AVAILABLE. FACTORY TEST ONLY

P3

Reserved -- Serial I/O Station Address No. 1

Input

DISCRETE

NOT AVAILABLE. FACTORY TEST ONLY

PIN 

NO.


1 The capability for the customer to connect these resistors via jumpers on the I/O connector is provided both to terminate the serial data pair at the IMU (for a short transmission line), and to bias the data lines to a true state when all transmitters are disabled.  For line lengths greater than 0.3048 m (1 ft), the termination and biasing should be at the receiver.

Power Interface
The LN200 requires regulated DC voltages of +5, +15, and –15 Volts with typical characteristics shown in Table 3 and Table 4.  The voltage ripple must be within the voltage tolerances.  On power up, the +5 Volt and the –15 Volt must be at their specification levels before the +15 Volt is applied. At power down, the +15 Volt should be removed first before the other voltages are removed.  Failure to follow this power sequencing can potentially result in damage to the IMU (in particular, the accelerometers).  A minimum of 10 msec between the +15 Volt and other voltage application or removal is recommended by the vendor.  The power supply should have the minimum output current and the input capacitance drive capabilities shown in Table 4.  The LN-200 power budget as a function of temperature is as shown in Table 5.  Note: Voltage tolerance must be maintained at the IMU connector.
Table 3.  Input Power Characteristics

[image: image5.wmf]Input

Ripple

Voltage

Tolerance

(p-p)

Start

Steady State

[V DC]

[%]

[mV]

[mA]

[mA]

+5

+/- 5

150

2400

1600

+15

+/- 5

300

150

150

-15

+/- 5

300

280

280

Load Current


Table 4.  Minimum Supply Capabilities and Inrush Current
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LN-200

Voltage

Capacitance

[V DC]

[

m

F]

+5

200

+15

16

-15

21

2.5

0.3

0.35

[A]

Power Supply

Minimum Current


Table 5.  LN-200 Power Budget
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Command and Data Interface

The LN-200 unit provides electrical signal interface by a RS-485 serial digital data bus and interface discrete lines.  This section only discusses how the commands and data are passed between each IMU and the corresponding PSAB IMU FPGA. 
3.2.1 Commands

3.2.1.1 Power-On-Reset (POR)

Discrete.  This input discrete (pin G1) is used to inhibit operation until the input voltages from the power conversion units have stabilized and are within specification.  This discrete shall remain a logic low until at least 10 msec after the last supply has risen to within its tolerance; then the discrete shall transition to a logic high to allow normal operations.  When the LN200 performs an internal POR, only the processor is reset.  If this discrete is not connected, a Turn-On BIT is still executed.  The BIMU does not have this discrete connected.

3.2.1.2 Do Not Execute Commanded BIT

Discrete.  This input discrete allows the PSAB to request the IMU to execute an internal self test.  A ground or logic low shall activate the execution of the BIT software.  The BIMU does not have this discrete connected.  This discrete shall remain a logic low until at least 30 msec after it has been set low.

3.2.1.3 Do Not Inhibit BIT-Failure Shutdown

Discrete.  IMU-detected failures that have potential for permanent damage to the IMU initiate an IMU shutdown sequence.  A ground or logic low inhibits the IMU from shutdown.  BIT failures are reported in the IMU Status Summary Word  (Word No. 7) and the Output Multiplex Data Word (Word No. 9).  The BIMU does not have this discrete connected; however, this discrete has been tied to the ground, thus permanently inhibiting the BIMU ability to shut itself down using its own internal fault protection.
3.2.2 Data

3.2.2.1 Serial Data Bus

RS-485.  The digital data bus protocol is the IBM Synchronous Data Link Control (SDLC) GA27-3093-2 with LSB transmitted first.  The primary mode of operation uses a simplified version of SDLC with the IMU in broadcast mode and the “address” or “control” data bytes are absent in the messages from the IMU.  In this mode, the IMU is the bus station master and initiates communications with user equipment by sending serial data.  The IMU data is sampled at a rate of 400 Hz and transmitted on the falling edge of an internally generated 1.0152 MHz data clock.  Transmission of updated IMU data is completed within 1.0 ms of IMU data sampling. 

NOTE: The PSAB board uses the RTI system timing pulse, which runs at 8 Hz.  The interface accumulates the IMU data from the serial link between RTI pulses and generates an interrupt request at the end of the data packet following each RTI.  Since the IMU runs on its own independent clock, the accumulation of data between RTI pulses will be either 49, 50, or 51 IMU packets.
Figure 2 depicts the message frame structure.  It consists of a one-byte opening flag, the information field with capacity of 26 data bytes (thirteen 16-bit words), a two-byte frame check sequence, and a one-byte closing flag.  The opening and closing flags are used to allow messages to be of variable length.  In order to maintain the unique flag byte pattern of a zero, six ones, and a zero (8’b01111110), the contents of the rest of the frame are constrained to five contiguous ones by artificially inserting zeros (zero bit insertion) before transmitting.  The inserted zeros will be stripped off at the bit level data synchronization via the PSAB IMU I/F FPGA and is not a part of the data content.
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Figure 2. Simplified SDLC IMU Transmission Frame

Between data frames, the data bus lines are tri-state and no data are transmitted.  When the transmitter is tri-state, the line termination pull-ups cause the receiver to read all 1’s. This is the SDLC idle command.  The receiver aborts the current message and prepares for a new message.

The Frame Check Sequence (FCS) field allows the PSAB IMU I/F FPGA to check the transmission accuracy of the frame.  This sequence is a 16-bit cyclic redundancy code as defined by the SDLC protocol.  The FCS is a ones complement sum of the thirteen 16-bit words (i.e., information field) following the 8-bit opening flag.

Table 6.  LN-200 IMU Output Message Contents

[image: image9.wmf]MESSAGE CONTENTS: (16-BIT WORDS)

WORD NO.

CONTENTS

SCALING

1

X Delta Velocity

6.1E-05

m/s

81.5

g

0.024

m/s^2

B1.14

2

Y Delta Velocity

6.1E-05

m/s

81.5

g

0.024

m/s^2

B1.14

3

Z Delta Velocity

6.1E-05

m/s

81.5

g

0.024

m/s^2

B1.14

4

X Delta Angle

1.9E-06

radians

1432

deg/sec

157

deg/hr

B-4.19

5

Y Delta Angle

1.9E-06

radians

1432

deg/sec

157

deg/hr

B-4.19

6

Z Delta Angle

1.9E-06

radians

1432

deg/sec

157

deg/hr

B-4.19

7

IMU Status Summary Word*

N/A

N/A

N/A

N/A

8

Mode Bit/Mux ID**

N/A

N/A

N/A

N/A

9

Multiplexed Data Word***

***

***

***

***

***

***

***

10

X Raw Gyro Counts****

1

pulse

13106800

pulses/sec

1

pulse

B15.0

11

Y Raw Gyro Counts****

1

pulse

13106800

pulses/sec

1

pulse

B15.0

12

Z Raw Gyro Counts****

1

pulse

13106800

pulses/sec

1

pulse

B15.0

13

Check Sum

RESOLUTION

RANGE

LSB

ones complement sum of words 1-12


* 
See Table 7 for IMU Status Summary Word Contents

**
See Table 8 for Mode Bit/Mux ID Bit Contents
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Table 7.  LN-200 IMU Status Summary Word

[image: image10.wmf]LN-200 IMU Status Summary Word

BIT

(LSB) 0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

(MSB) 15

FAILURE

any delta velocity counter failure

D/A Converter failure

any gyro (analog) failure

any accel/PRB fail

any gyro loop controller failure

any gyro temperature failure

any accel temperature failure

any power supply voltage failure

any A/D converter failure (A/D itself - not a bad input)

any serial I/O failure

any CPU or memory failure

any laser diode failure

any thermoelectric cooler / heater failure

Broadband Fiber Source failure

optical receiver temperature failure

Reserved (for AMRAAM use - does not apply to MER)



*** 
See Table 9 for Multiplexed Data Word Contents

****
The data in Words 10, 11, and 12 are raw gyro pulse counts and are probably not used in flight by MER

Table 8.  LN-200 Mode Bit / Mux ID Word

[image: image11.wmf]LN-200 MODE BIT / MUX ID WORD

BIT

0 - 7

8

9

10

11

12

13

14

15

Gyro Accuracy is Degraded

DESCRIPTION

Multiplexed Data Word ID

Reserved for External Sync Option (Synchronized)

Accelerometer Data are Invalid

Spare

Gyro is Disabled

Shutdown on Failure Inhibited

Fast Start

Commanded BIT in Progress


NOTE:  For Table 7 and the 2nd byte of Table 8 (bits 8 through 15), a “1” bit signifies a failure or the occurrence of what is described in the two tables.

Table 9.  LN-200 IMU Output Multiplexed Data Word Contents

[image: image12.wmf]MULTIPLEXED DATA WORD CONTENTS

MUX COUNT

CONTENTS

SCALING

0

X Gyro Temperature

0.004

o

C

128.0

o

C

B7.8

1

Y Gyro Temperature

0.004

o

C

128.0

o

C

B7.8

2

Z Gyro Temperature

0.004

o

C

128.0

o

C

B7.8

3

X Accel Temperature

0.004

o

C

128.0

o

C

B7.8

4

Y Accel Temperature

0.004

o

C

128.0

o

C

B7.8

5

Z Accel Temperature

0.004

o

C

128.0

o

C

B7.8

6

Laser Diode Temperature

0.004

o

C

128.0

o

C

B7.8

7

Optical Receiver Temperature

0.004

o

C

128.0

o

C

B7.8

8

BFS Temperature

0.004

o

C

128.0

o

C

B7.8

9

-5 V DC Monitor

2.1E-04

V DC

7

V DC

B0.15

10

+5 V DC Monitor

2.1E-04

V DC

7

V DC

B0.15

11

-15 V DC Monitor

6.1E-04

V DC

20

V DC

B0.15

12

+15 V DC Monitor

6.1E-04

V DC

20

V DC

B0.15

13

Analog Ground

9.2E-05

V DC

3

V DC

B0.15

14

IMU Detailed Failure #0

N/A

15

IMU Detailed Failure #1

N/A

16

IMU Detailed Failure #2A

N/A

17

IMU Detailed Failure #3

N/A

18

IMU Detailed Failure #4

N/A

19

IMU Detailed Failure #5

N/A

20

IMU Detailed Failure #6

N/A

21

IMU Detailed Failure #7

N/A

22

IMU Detailed Failure #8

N/A

23

IMU Detailed Failure #9

N/A

24

IMU Detailed Failure #10

N/A

25

IMU Detailed Failure #11

N/A

26

IMU Detailed Failure #12

N/A

27

IMU Detailed Failure #13

N/A

28

IMU Detailed Failure #14

N/A

29

IMU Detailed Failure #15

N/A

30

IMU Detailed Failure #2B

N/A

31

A/D Sat Counter X

CNT

B0.15

32

A/D Sat Counter Y

CNT

B0.15

33

A/D Sat Counter Z

CNT

B0.15

See Appendix A

See Appendix A

See Appendix A

See Appendix A

See Appendix A

See Appendix A

See Appendix A

See Appendix A

LSB/RESOLUTION

RANGE

See Appendix A

See Appendix A

See Appendix A

See Appendix A

See Appendix A

See Appendix A

See Appendix A

See Appendix A

See Appendix A


Serial data scaling convention in the previous table uses the following notation:

BX.Y
Where

B = 
Binary Scaling

X = The number of data bits (less sign bit) to the left of the binary point.  If X<0, then the binary point is X imaginary bits to left of the most significant storage bit.

Y =
The number of data bits to the right of the binary point.  If Y<0, then the binary point is Y imaginary bits to the right of the least significant storage bit.

3.2.2.2 Serial Data Clock

RS-485.  The serial data clock is internally generated at 1.0152 MHz and 50% +/- 10% duty cycle.  

End of Output Data Sampling

RS-485.  True, false for > 8.0 s then, true again.  The falling edge is coincident with the internal latching of data to be output on the digital data bus.

3.2.2.3 Time Out Counter (TOC)

Discrete.  Time Out Counter (TOC) fail indicates that all of the foreground IMU software tasks are not being completed.  The counter times-out in 1.28 seconds.  The reset occurs at 1 Hz rate.  When a failure occurs, pin H2 switches from ground to high, and the laser diode module is disabled.  If shutdown-inhibit, pin G3, has been grounded, the laser diode module is not disabled and only the TOC discrete is set.  More detail on a failure that would cause a TOC fail would be found in the IMU Statys Summary (Word No. 7) and Multiplexed Output Data Word (Word No. 9).  The BIMU does not have this discrete connected.
3.3 Timing

3.3.1 Fiber Optic Gyroscopes

The Fiber Optic Gyro has a bandwidth greater than 100 kHz.  Delta-Theta outputs from the gyros are sampled at 2 kHz.  A moving-average filter is applied; the sum of the current and last four previous 2 kHz samples are divided by 5.  Then five of these 2 kHz-filtered outputs are summed to make the 400 Hz output.  The gyro filter delay is 2.25 ms for 400 Hz updates.  The End of Data Sampling signal goes low when the five filtered outputs are summed.  The gyro data is then compensated for temperature.  A 475 s delay occurs due to this processing and transferring of the data.  An additional 255 s delay occurs due to the data transmission of 13 words, opening and closing flags, and 16-bit FCS at 1 MHz.  The effective latency is slightly higher than 3 ms. The latency of the oldest 2 kHz gyro sample in an IMU transmission frame is slightly higher than 5.25 ms. 
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Figure 3. LN200 Fiber Optic Gyro Timing Diagram
Accelerometers

Delta-velocity outputs from the accelerometers are sampled at 2 kHz.  The five most recent 2 kHz samples are summed to produce the 400 Hz outputs.  The accelerometer summing delay is 1.25 ms for 400 Hz updates.  The End of Data Sampling signal goes low when the five 2 kHz outputs are summed.  The accelerometer data is then compensated for temperature.  A 475 s delay occurs due to this processing and transferring of the data.  An additional 255 s delay occurs due to the data transmission of 13 words, opening and closing flags, and 16-bit FCS at 1 MHz.  The effective latency is slightly less than 2 ms. The latency of the oldest 2 kHz accelerometer sample in an IMU transmission frame is slightly less than 3.25 ms. 
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Figure 4. LN200 SiAc Timing Diagram
Operations
3.4 Power On
Loss of power or absence of any of the required power forms at any time during test or operation does not damage the IMU.  Reapplication of power at any time after removal of power does not damage the IMU.  The IMU average power does not exceed 16 Watts when supplied with the voltages specified in Table 3.

Within the temperature range of –54OC to +71OC, the IMU becomes fully functional in less than 0.8 seconds after initial application of input power.  Time to full instrument accuracy may be up to 15 seconds after power is applied.

3.5 Built-In-Test (BIT)

3.5.1 Turn-On BIT

BIT is performed during the first 275 ms after IMU POR (pin G1) goes high. This self-test BIT has the capability to detect 95% of the reliability critical failures.  The BIT false alarm rate (indicates failure when none has occurred) is not greater than 1%.  The BIMU will not perform Turn-On BIT since its POR discrete (pin G1) will not be connected high or low.

3.5.2 Periodic BIT

During operation, all Turn-On BIT tests that do not affect IMU operation are performed.  IMU shutdown due to failure of BIT may be inhibited by pin G3 (this only applies to the rover IMU).

3.5.3 Commanded BIT

Upon receipt of the commanded BIT command, the IMU performs the following disruptive tests: delta velocity counter wraparound test and gyro loop control angular rate test.  This BIT continues for 100 ms after the BIT command is removed.  The IMU will not meet performance requirements during initiated BIT.  The BIMU will not have the capability to perform a commanded BIT since it does not have the “Do Not Execute Commanded BIT” discrete connected.  The Commanded BIT takes less than 1 second to be performed.

3.5.4 BIT Results

The results of any BIT is captured in Word No. 7 (IMU Status Summary Word – See Table 7), Word No. 8 (IMU Mode Bit/MUX ID Word – See Table 8), and Word No. 9 (Multiplex Data Word – See Table 9).  The eight LSB of Word 8 identify the mux count of the multiplex data word and the contents of the detailed failure words (mux count 14 through 30) are defined in Appendix A.  A “1” bit signifies the failure defined for the IMU Status Summary Word and IMU Mode Byte (eight MSB in Word No. 8).  A “1” bit also signifies a failure for the detailed failure words (Word 9 when mux count is between 14 and 30).  Any failure bit will stay latched until a POR.  Another Commanded BIT can not change it, for example.

3.5.5 Operation with “Do Not Inhibit BIT – Failure Shutdown” Discrete Input

If this discrete is grounded or hard-wired as a logic low, the BIT failure shutdown is inhibited.  In a situation where the gyro laser diode has exceeded its nominal operating temperature, due to radiation degradation for example, the LN200 internal fault protection will not turn off the laser diode as it normally would.  The laser diode continues to operate; however, the gyro accuracy is degraded   (the scale factor “goes nuts”).   For the BIMU and during the critical EDL phase, Bit 11 of Word No. 7 should be monitored to notify the flight system of the corrupted gyro data.  

4.0 APPENDIX A – IMU DETAILED FAILURE MUX DATA WORD CONTENTS
Appendex A describes the content of the IMU Detailed Failure mulitplexed data words after a BIT has been performed:

Table 10.  Detailed Status Word #0 (Table 9 - Mux Count 14)

[image: image13.wmf]BIT

DESCRIPTION

FATAL TO

0

X delta velocity wraparound test fail (positive)

N/A

1

Y delta velocity wraparound test fail (positive)

N/A

2

Z delta velocity wraparound test fail (positive)

N/A

3

X delta velocity wraparound test fail (negative)

N/A

4

Y delta velocity wraparound test fail (negative)

N/A

5

Z delta velocity wraparound test fail (negative)

N/A

6

X delta velocity wraparound test fail (other phase)

N/A

7

Y delta velocity wraparound test fail (other phase)

N/A

8

Z delta velocity wraparound test fail (other phase)

N/A

9

SPARE

N/A

10

SPARE

N/A

11

SPARE

N/A

12

SPARE

N/A

13

SPARE

N/A

14

SPARE

N/A

15

SPARE

N/A


Table 11.  Detailed Status Word #1 (Table 9 - Mux Count 15)
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DESCRIPTION

FATAL TO

0

D/A to A/D wraparound test failure

laser diode

1

SPARE

N/A

2

SPARE

N/A

3

SPARE

N/A

4

SPARE

N/A

5

SPARE

N/A

6

SPARE

N/A

7

SPARE

N/A

8

SPARE

N/A

9

SPARE

N/A

10

SPARE

N/A

11

SPARE

N/A

12

SPARE

N/A

13

SPARE

N/A

14

SPARE

N/A

15

SPARE

N/A


Table 12.  Detailed Status Word #2A (Table 9 - Mux Count 16)
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DESCRIPTION

FATAL TO

0

X gyro angular rate reasonableness test fail

N/A

1

Y gyro angular rate reasonableness test fail

N/A

2

Z gyro angular rate reasonableness test fail

N/A

3

X gyro phase-shifter scale factor test fail

N/A

4

Y gyro phase-shifter scale factor test fail

N/A

5

Z gyro phase-shifter scale factor test fail

N/A

6

X gyro A/D offset reasonableness test fail

N/A

7

Y gyro A/D offset reasonableness test fail

N/A

8

Z gyro A/D offset reasonableness test fail

N/A

9

X gyro optical receiver gain reasonableness test fail

N/A

10

Y gyro optical receiver gain reasonableness test fail

N/A

11

Z gyro optical receiver gain reasonableness test fail

N/A

12

X gyro angular rate test

N/A

13

Y gyro angular rate test

N/A

14

Z gyro angular rate test

N/A

15

GLC A/D saturated

N/A


Table 13.  Detailed Status Word #3 (Table 9 - Mux Count 17)
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DESCRIPTION

FATAL TO

0

X delta velocity reasonableness test fail

N/A

1

Y delta velocity reasonableness test fail

N/A

2

Z delta velocity reasonableness test fail

N/A

3

SPARE

N/A

4

SPARE

N/A

5

SPARE

N/A

6

SPARE

N/A

7

SPARE

N/A

8

SPARE

N/A

9

SPARE

N/A

10

SPARE

N/A

11

SPARE

N/A

12

SPARE

N/A

13

SPARE

N/A

14

SPARE

N/A

15

SPARE

N/A


Table 14.  Detailed Status Word #4 (Table 9 - Mux Count 18)
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DESCRIPTION

FATAL TO

0

GLC program verify

N/A

1

GLC run-time parity fail

N/A

2

GLC run-time memory fail

N/A

3

GLC run-time data fail

N/A

4

SPARE

N/A

5

SPARE

N/A

6

SPARE

N/A

7

SPARE

N/A

8

X GLC run-time data fail

N/A

9

Y GLC run-time data fail

N/A

10

Z GLC run-time data fail

N/A

11

SPARE

N/A

12

SPARE

N/A

13

SPARE

N/A

14

SPARE

N/A

15

SPARE

N/A


Table 15.  Detailed Status Word #5 (Table 9 - Mux Count 19)
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DESCRIPTION

FATAL TO

0

X gyro temperature reasonableness test fail

N/A

1

Y gyro temperature reasonableness test fail

N/A

2

Z gyro temperature reasonableness test fail

N/A

3

X gyro temperature rate of change reasonableness test fail

N/A

4

Y gyro temperature rate of change reasonableness test fail

N/A

5

Z gyro temperature rate of change reasonableness test fail

N/A

6

average X gyro / Y gyro temp differential reasonableness test fail

N/A

7

average Y gyro / Z gyro temp differential reasonableness test fail

N/A

8

average Z gyro / X gyro temp differential reasonableness test fail

N/A

9

SPARE

N/A

10

SPARE

N/A

11

SPARE

N/A

12

SPARE

N/A

13

SPARE

N/A

14

SPARE

N/A

15

SPARE

N/A


Table 16.  Detailed Status Word #6 (Table 9 - Mux Count 20)
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DESCRIPTION

FATAL TO

0

X accel temperature reasonableness test fail

N/A

1

Y accel temperature reasonableness test fail

N/A

2

Z accel temperature reasonableness test fail

N/A

3

X accel temperature rate of change reasonableness test fail

N/A

4

Y accel temperature rate of change reasonableness test fail

N/A

5

Z accel temperature rate of change reasonableness test fail

N/A

6

X/Y accel temperature differential reasonableness test fail

N/A

7

Z/Y accel temperature differential reasonableness test fail

N/A

8

Z/X accel temperature differential reasonableness test fail

N/A

9

SPARE

N/A

10

SPARE

N/A

11

SPARE

N/A

12

SPARE

N/A

13

SPARE

N/A

14

SPARE

N/A

15

SPARE

N/A


Table 17.  Detailed Status Word #7 (Table 9 - Mux Count 21)

[image: image20.wmf]BIT

DESCRIPTION

FATAL TO

0

-5 VDC voltage reasonableness test fail

Power Supply

1

+5 VDC voltage reasonableness test fail

Power Supply

2

-15 VDC voltage reasonableness test fail

Power Supply

3

+15 VDC voltage reasonableness test fail

Power Supply

4

-35 VDC voltage reasonableness test fail (not used on MER)

N/A

5

+35 VDC voltage reasonableness test fail (not used on MER)

N/A

6

SPARE

N/A

7

SPARE

N/A

8

SPARE

N/A

9

SPARE

N/A

10

SPARE

N/A

11

SPARE

N/A

12

SPARE

N/A

13

SPARE

N/A

14

SPARE

N/A

15

SPARE

N/A


Table 18.  Detailed Status Word #8 (Table 9 - Mux Count 22)
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DESCRIPTION

FATAL TO

0

temperatuere reference #1 reasonableness test fail

Power Supply

1

temperatuere reference #2 reasonableness test fail

Power Supply

2

ground voltage reasonableness test fail

Power Supply

3

A/D conversion complete expected

Power Supply

4

A/D conversion complete not expected

Power Supply

5

SPARE

N/A

6

SPARE

N/A

7

SPARE

N/A

8

SPARE

N/A

9

SPARE

N/A

10

SPARE

N/A

11

SPARE

N/A

12

SPARE

N/A

13

SPARE

N/A

14

SPARE

N/A

15

SPARE

N/A


Table 19.  Detailed Status Word #9 (Table 9 - Mux Count 23)
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DESCRIPTION

FATAL TO

0

serial I/O wraparound test fail (data) or echo

N/A

1

serial I/O wraparound test fail (timeout)

N/A

2

test message read request length error

N/A

3

test message write request length error

N/A

4

SPARE

N/A

5

receive message length error (serial I/O status bit)

N/A

6

receive message CRC error (serial I/O status bit)

N/A

7

SPARE

N/A

8

SPARE

N/A

9

SPARE

N/A

10

SPARE

N/A

11

SPARE

N/A

12

SPARE

N/A

13

SPARE

N/A

14

SPARE

N/A

15

SPARE

N/A


Table 20.  Detailed Status Word #10 (Table 9 - Mux Count 24)
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DESCRIPTION

FATAL TO

0

program checksum test fail

N/A

1

calibration data checksm test fail (RAM)

laser diode

2

RAM address / address bar test fail

N/A

3

RAM read / write test fail

N/A

4

opcode test fail

N/A

5

foreground duty cycle test fail

N/A

6

18 KHz counts out of range

N/A

7

test point A fail

N/A

8

test point B fail

N/A

9

unwanted interrupt received

N/A

10

external sync signal has been lost

N/A

11

external sync signal is not present

N/A

12

incorrect # GLC iteration per Priority 1

N/A

13

SPARE

N/A

14

SPARE

N/A

15

SPARE

N/A


Table 21.  Detailed Status Word #11 (Table 9 - Mux Count 25)
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DESCRIPTION

FATAL TO

0

laser diode temperature reasonableness test fail

laser diode

1

laser diode voltage (off) reasonableness test fail

laser diode

2

laser diode current (off) reasonableness test fail

laser diode

3

laser diode voltage (on) reasonableness test fail

laser diode

4

laser diode current (on) reasonableness test fail

laser diode

5

laser diode commanded current reasonableness fail

laser diode

6

laser diode operating temperature timeout

laser diode

7

SPARE

N/A

8

SPARE

N/A

9

SPARE

N/A

10

SPARE

N/A

11

SPARE

N/A

12

SPARE

N/A

13

SPARE

N/A

14

SPARE

N/A

15

SPARE

N/A


Table 22.  Detailed Status Word #12 (Table 9 - Mux Count 26)
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DESCRIPTION

FATAL TO

0

TEC voltage (off) reasonableness test fail

laser diode

1

TEC current (off) reasonableness test fail

laser diode

2

TEC voltage (on) reasonableness test fail

laser diode

3

TEC current (on) 1 reasonableness test fail (|tecv| <= 4.0 volts)

laser diode

4

TEC current (on) 2 reasonableness test fail (|tecv| > 4.0 volts)

laser diode

5

SPARE

N/A

6

SPARE

N/A

7

SPARE

N/A

8

SPARE

N/A

9

SPARE

N/A

10

SPARE

N/A

11

SPARE

N/A

12

SPARE

N/A

13

SPARE

N/A

14

SPARE

N/A

15

SPARE

N/A


Table 23.  Detailed Status Word #13 (Table 9 - Mux Count 27)

[image: image26.wmf]BIT

DESCRIPTION

FATAL TO

0

BFS temperature reasonableness test fail

N/A

1

|average gyro - BFS temp| reasonableness test fail

N/A

2

SPARE

N/A

3

SPARE

N/A

4

SPARE

N/A

5

SPARE

N/A

6

SPARE

N/A

7

SPARE

N/A

8

SPARE

N/A

9

SPARE

N/A

10

SPARE

N/A

11

SPARE

N/A

12

SPARE

N/A

13

SPARE

N/A

14

SPARE

N/A

15

SPARE

N/A


Table 24.  Detailed Status Word #14 (Table 9 - Mux Count 28)

[image: image27.wmf]BIT

DESCRIPTION

FATAL TO

0

Optical receiver temperature reasonableness test fail

N/A

1

|Op receiver - BFS| temperature reasonableness test fail

N/A

2

SPARE

N/A

3

SPARE

N/A

4

SPARE

N/A

5

SPARE

N/A

6

SPARE

N/A

7

SPARE

N/A

8

SPARE

N/A

9

SPARE

N/A

10

SPARE

N/A

11

SPARE

N/A

12

SPARE

N/A

13

SPARE

N/A

14

SPARE

N/A

15

SPARE

N/A


Table 25.  Detailed Status Word #15 (Table 9 - Mux Count 29)

[image: image28.wmf]BIT

DESCRIPTION

FATAL TO

0

RESERVED

N/A

1

SPARE

N/A

2

SPARE

N/A

3

SPARE

N/A

4

SPARE

N/A

5

SPARE

N/A

6

SPARE

N/A

7

SPARE

N/A

8

SPARE

N/A

9

SPARE

N/A

10

SPARE

N/A

11

SPARE

N/A

12

SPARE

N/A

13

SPARE

N/A

14

SPARE

N/A

15

SPARE

N/A


Table 26.  Detailed Status Word #2B (Table 9 - Mux Count 30)

[image: image29.wmf]BIT

DESCRIPTION

FATAL TO

0

X gyro intensity (off)

laser diode

1

Y gyro intensity (off)

laser diode

2

Z gyro intensity (off)

laser diode

3

X gyro intensity (on)

N/A

4

Y gyro intensity (on)

N/A

5

Z gyro intensity (on)

N/A

6

SPARE

N/A

7

SPARE

N/A

8

SPARE

N/A

9

SPARE

N/A

10

SPARE

N/A

11

SPARE

N/A

12

SPARE

N/A

13

SPARE

N/A

14

SPARE

N/A

15

SPARE

N/A



5.0 APPENDIX B – IMU INFORMATION
The LN-200 body coordinate system is shown below in Figure 5.  For information on how each IMUs coordinate system relates to other spacecraft body coordinate frames, please see the Section B (Phasing section) of the Pointing, Positioning, Phasing, and Coordinate System (PPPCS) Document.
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Figure 5. LN200 Coordinate System
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Figure 6. LN200 Internal Functional Block Diagram
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