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1 SCOPE 

 
This document describes details of the electrical and mechanical interface of the tactical grade IMU of 
type iIMU-FSAS-CCI and iIMU-FSAS-NCCI. In this context “tactical grade IMU” is related to the small size 
and drift class of 0.75 deg/hr and not to the application, which may be navigation, surveying, stabilisation, 
guidance and control.  

The IMUs of type iIMU-FSAS-SN/-EI are described in a separate document and require an external 
trigger input to initialise sending out a data packet.   

 
 

2 GENERAL DESCRIPTION 

The tactical grade IMUs iIMU-FSAS-CCI and iIMU-FSAS-NCCI measure the angular rotation rates 
(angular increments) and accelerations (velocity increments) about three orthogonal body-fixed axes and 
provide the data in free-running mode (no external trigger required). The output signals are digital, 
proportional to the rotation rates and accelerations (or angular and velocity increments) around these 
axes. The output signals are provided through a 
serial data interface.  

The iIMU-FSAS-CCI is delivered with a CAN 
interface or with RS422 (UART) interface. The 
unit provides output data in a free-running mode 
via an adjustable frequency (25/50/100/200 Hz). 
The output data are coning corrected (CCI = 
coning corrected interface). 

The iIMU-FSAS-NCCI is delivered with a HDLC 
interface. The unit provides output data in a free-
running mode via an adjustable frequency 
(100/200/300/400 Hz). The output data are not 
coning corrected (NCCI = not coning corrected 
interface) so the user has to do it by himself. 

All units are "Made in Germany", therefore no US 
export license is required to operate or purchase 
the systems. The units are also not covered by 
any ITAR regulations. 

 

3 MECHANICAL INTERFACE 

The mechanical interface and the orientation of the sensitive axes is defined in the interface drawings of 
the iIMU-FSAS-CCI/-NCCI in the appendix of this manual.  

The sensor axes build a right-handed, orthogonal coordinate system.   
 

The picture shows the iIMU-FSAS-CCI/-NCCI with internal integrated shock mounts (option: delivery 
without internal shock mounts). 
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4 ELECTRICAL INTERFACE 

4.1 Overview 

The electrical interface of the iIMU-FSAS consists of the main functional parts:  

·  Serial Data Interface  for output of the sensor signal  
- CCI-R:  RS422 (UART) 
- CCI-C: CAN  
- NCCI-H:  HDLC 

·  Free-running data output mode (internally triggered ) 

·  Discrete  Status  and Control signals 

·  Electrical Power Supply  

 
 

4.2 Serial Data Interface of iIMU-FSAS-CCI 

4.2.1 Electrical Characteristics, Timing 

Electrical Characteristics 

 
Internal Trigger Output Signal (TRIGOUT, TRIGOUTN) 
The data output of the gyros and accelerometers is triggered with this signal. 
 
Signal Format: Active low 
Signal levels: RS422, internal impedance 120 W 
 
The data interface is RS422-UART (-CCI-R) or CAN (-CCI-C) or RS422-HDLC (-NCCI) 
 

4.2.2 Data Format 

4.2.2.1 Protocol 

 
Angle Increment and Velocity Increment Data 

The sensor data are transmitted as increments, i.e. the change in angle and velocity since the last data 
output. Data are transmitted in 32 bit at –CCI and in 24 bit at –NCCI version, 2’s-complement notation.  

Axis notation is in coordinates of IMU axes 0, 1, 2. The user may transform these axes to the axes x,y,z 
painted on the enclosure with the following transformation: 

 0 ==>  -z 
 1 ==> -x 
 2 ==> +y 

The data values 7FFF FFFF(HEX) or 8000 0001(HEX) (depending on direction) are transmitted if the 
measurements range or output range of an axis is exceeded. 
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Data Content: 

The iIMU-FSAS-CCI/-NCCI provides angular increments and velocity increments. The data of the angular 
increments are internally computed at 400 Hz and internally oversampled with 5 kHz. The velocity 
increments are also sampled at 400 Hz (oversampled at 5 kHz) and averaged over the data output 
interval.  

 

Status 

Failure Status 
Each bit of the Failure Status word corresponds to and is set in case of a specific fatal failure condition 
detected by the iIMU-FSAS’s selftest function. All failures indicative for a permanent malfunction are 
considered as fatal. The discrete signal NOGO is set if the Failure Status is not zero. The relation be-
tween status bits and failure conditions is shown in Table �4-1. 

IMU Status 
The bits of the IMU Status Word indicate specific operating conditions during which the output data may 
be invalid, but which are not considered as malfunction (e.g. Warm-up phase). The signal NOGO is not 
set in such cases. The relation between status bits and operating conditions is shown in Table �4-2 

 
FCS 

16 Bit control word to monitor the data transmission, computed in accordance with the CRC-CCITT proto-
col. Please take into account the correct CRC reset level during initialisation of the external electronic’s 
controller.  
 - Polynom CRC-CCITT: x^16 + x^12 + x^5 + 1 
 - Start value:   FFFFh (CRC reset value) 

 

Basic Encoder/Decoder for the 16-bit CRC 
 

CFlag 

Every frame ends with the Close Flag Byte. 
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Table �4-1: Failure Status Word 

Bit Indicated Condition Bit Indicated Condition 

15 Interface Timeout (DAS too fast/slow) 7 Gyro Timeout (Data, Reset, IBIT) 

14 Interface Error 6 Gyro Selftest-Error 

13 Operational Test failed 5 Gyro Error Initiated BIT 

12    not defined yet 4    not defined yet 

11 RAM/ROM Error 3 Accelerometer Timeout 

10 Software Error 2 Accelerometer Error 

9 Testmode active 1    not defined yet 

8 AD-Error 0    not defined yet 

 
 

Table �4-2: IMU Status Word 

Bit Indicated Condition Bit Indicated Condition 

15 Selftest active (Power-on, IBIT) 7 Gyro Timeout Command Interface 

14    not defined yet 6 Gyro Status Bit set 

13    not defined yet 5 Gyro Selftest active 

12 Warm-up 4 Gyro Warm-up 

11    not defined yet 3    not defined yet 

10 Invalid Interrupt 2    not defined yet 

9    not defined yet 1    not defined yet 

8 Execution Error PBIT / Monitor 0    not defined yet 

 
 

4.3 Discrete Status and Control Signals 

These signals indicate or allow control of certain operating conditions of the iIMU-FSAS. 

All signals are electrically TTL if not defined otherwise. 

 
NOGO  (output) 

Output signal indicating the result of the iIMU-FSAS‘s selftest function. Active in case of invalid data or a 
failure of the unit. 

Signal format: Active low = NOGO 
Characteristics: Open Drain Output (HC05) [i.e. cannot me measured with a simple voltage meter] 
 
INIT_BIT  (input) 

Signal starts a built-in test (Initiated BIT). 

Signal Format:  active low, duration 100 to 500 ms 
Characteristics:  TTL, internal pull-up resistor provided (10 kW) 
 



Ref:  
Rev: 
Date: 
Page: 

iIMU-FSAS  
3.25 
20.06.2007 
8 of 21 

iIMU-FSAS-CCI/-NCCI 

Interface Description  

 

 
 

DT:IMU-FSAS-CCI_-NCCI_DOCU.DOC  www.imar-navigation.de 

 

RESET  (input) 

This signal allows to reset the unit to the power-on state. The iIMU-FSAS stays in reset condition while 
signal is active. 

Signal Format:  active low, duration 5 to 500 ms    (Note: Permanent reset can damage the unit) 
Characteristics:  TTL, internal pull-up resistor provided (10 kW) 
 
STAT1  (input) 

This signal is connected to a microcontroller port. It is only used for test purposes today. 

Signal Format:   iMAR internal definition 
Characteristics: TTL, internal pull-up resistor provided (10 kW) 
 

 

4.4 Power Supply 

This unit operates at a wide range supply voltages of 11...34 V DC. It contains a reverse voltage 
protection. 

Typically, the power consumption varies from 10 to about 20 Watt, as the current at the peltier cooler for 
the laser diode depends on the ambient temperature. Lowest consumption is at about 25°C, maximum 
power will be required continuously at the temperature extremes or as peak-value after power-on (up 
to 10 - 20 sec).  

 

 

4.5 iIMU-FSAS-CCI 

4.5.1 Data Interface of iIMU-FSAS-CCI-R 

 

All external electrical connections are provided on one connector. The basic connector types used are: 

iIMU-FSAS-CCI: MIL-C-38999-III  
(Type: D38999/24WC35PA (manufacturers: Souriau, AMP...) 

(Refer to the corresponding data sheet or interface description for other versions of this unit). 
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Table �4-3: Pin Assignment Connector MIL-C-38999 III (22 p in) 
 for iIMU-FSAS-CCI-R (coning corrected interface; R S422/UART) 

Connector type: D38999/24WC35PA (male) [special coding “A”] 
Pin numbering according to connector layout 
 

Pin N° Signal I/O 1 Description 

1 PGND I Power Ground 
2 ODO_AN I Odometer Input A(-) , opto-coupler 2-6 V (RS422 compatible) 
3 POW_IN I Power Supply 11...34 V DC 
4 ODO_A I Odometer Input A(+) , opto-coupler 2-6 V (RS422 compatible) 
5 TRIGOUT O Trigger Out (+) (RS422) 
6 NOGO O GO/NOGO signal, operational status (CMOS) 
7 NC - Don’t connect! 
8 INIT_BIT I Initiated BIT request (TTL) 
9 NC - Don’t connect! 
10 CASE - CASE GND 
11 DON O Serial Data Out signal / RS422 (-) level UART signal  
12 DO O Serial Data Out signal / RS422 (+) level UART signal/RS232-TXD 
13 TRIGOUTN O Trigger Out (-) (RS422)  
14 DGND O Ground, reference for digital signals 
15 DGND O Ground, reference for digital signals 
16 ODO_B I Odometer Input B(+) , opto-coupler 2-6 V (RS422 compatible) 
17 ODO_BN I Odometer Input B(-) , opto-coupler 2-6 V (RS422 compatible) 
18 BSL I don’t connect!       Bootstrap Loader of µC (TTL) 
19 DI I Serial Data In / RS422 (+) level UART signal / RS232-RXD 
20 DIN I Serial Data In / RS422 (-) level UART signal  
21 SW_ON_SIG I Switch IMU ON / OFF signal (voltage applied = ON), 4...34 V 
22 SWON_GND I GND for SW IMU ON signal 

1)  (I)Input/(O)Output with respect to iIMU-FSAS-CCI-RS422. 
 

 
 

The communication interface of the iIMU-FSAS-CCI can be configured via the RS422 / UART interface. 

Data protocol of the iIMU-FSAS-CCI-RS422 (data output at adjusted frequency): 
 
This IMU provides an UART output on RS422 level. The data are sent at 25, 50, 100 or 200 Hz as 
follows: 
 
  2 byte sync 0x7E 0x7E 
  1 byte package counter (unsigned integer) 
  3 x 4 byte angular increments   (32 bit integer for  x,y,z;   unit = 0.1/16 arcsec/LSB) 
  3 x 4 byte velocity increments   (32 bit integer for  x,y,z);  unit = 0.05/16/215 m/s/LSB)  
  4 byte odometer velocity   (4 byte float);      unit = counts / sample) 
  4 byte odometer counter 1  (32 bit long integer) 

                                                      
1 The interface is implemented as an A/B (quadrature signal) counter. The phase shift between both lines 
indicates the driving direction (forward / backward). 
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  4 byte status 
  2 byte CRC-CCITT 
=============== 
41  byte = 410 bit / sample  x   100 Hz  ==>  41  kBit/s    ==>  57.6 kBd 
and at 200 Hz the data rate is 82 kBit/s ==> 115.2 kBd  
 
Angle Increment and Velocity Increment Data 

The sensor data are transmitted as increments, i.e. the change in angle and velocity since the last data 
output. Data are transmitted in 32 bit, 2’s-complement notation.  

 
   Angles: 0.1/16 arcsec/LSB 
   Velocities: 0.05/16 / 215 m/s/LSB 
 

Odometer Note: If no count is detected during the last sample, the value of the volocity is set to “Not a 
Number” NaN (0xFFFFFFFF) because no update of the velocity can be calculated if no count is detected. 
With the counter of odometer pulses the distance travelled can be calculated without any loss of 
information. 

The odometer input is specified to up to 1 MHz pulse frequency. 

Attention when using float-output: 
Although the used float data output format is conform to IEEE-754, there may be differences between the 
iIMU-FSAS byte order compared to other software. Therfore it may be necessary to adjust the byte order 
when communicating with other software. 

Example:  
1.23F = 3F 9D 70 A4 (4 Byte hex, IEEE-754) 
whereat 3F 9D = seeeeeee emmmmmmm (sign, 8 exponent, 7 HI-mantisse) 
    and 70 A4 = mmmmmmmm mmmmmmmm (16 LO-mantisse) 
 
However the byte order in the output is 9D 3F A4 70 , because the compiler 
used in the software development swaps HI- and LO-B yte in each word. 
 

                                                                                                                                                                           

A/B counter: 

A 

B 

counter  +1      +2        +3         +4              +3          

A 

B 

counter  +1      +2        +3         +4              +5          

A counter: 
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4.5.2 Data Interface of iIMU-FSAS-NCCI-C 

 
 

Table �4-4:  Pin Assignment Connector MIL-C-38999 III (22 pin) 
   for iIMU-FSAS-CCI-C (coning corrected interface,  CAN) 

Connector type: D38999/24WC35PA (male) [special coding “A”] 
Pin numbering according to connector layout 
 

Pin N° Signal I/O 1 Description 

1 PGND I Power Ground 
2 ODO_AN I Odometer Input A(-) , opto-coupler 2-6 V (RS422 compatible) 
3 POW_IN I Power Supply 11...34 V DC 
4 ODO_A I Odometer Input A(+) , opto-coupler 2-6 V (RS422 compatible) 
5 TRIGOUT O Trigger Out (+) (RS422)    
6 NOGO O GO/NOGO signal, operational status (CMOS) 
7 NC - Don’t connect! 
8 INIT_BIT I Initiated BIT request (TTL) 
9 NC - Don’t connect! 
10 CASE - CASE GND 
11 CAN-LOW I/O CAN Low 
12 TxD O Serial Data Out signal / RS232 UART signal 
13 TRIGOUTN O Trigger Out (-) (RS422)     
14 DGND O Ground, reference for digital signals and CAN 
15 DGND O Ground, reference for digital signals and CAN 
16 ODO_B I Odometer Input B(+) , opto-coupler 2-6 V (RS422 compatible) 
17 ODO_BN I Odometer Input B(-) , opto-coupler 2-6 V (RS422 compatible) 
18 BSL I don’t connect!      Bootstrap Loader of µC (TTL) 
19 RxD I Serial Data In / RS232  UART signal 
20 CAN-HIGH I/O CAN High 
21 SW_ON_SIG I Switch IMU ON / OFF signal (voltage applied = ON), 4...34 V 
22 SWON_GND I GND for SW IMU ON signal 

1)  (I)Input/(O)Output with respect to iIMU-FSAS-CCI. 
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4.6 iIMU-FSAS-NCCI-H 

4.6.1 Data Interface of iIMU-FSAS-NCCI-H 

The iIMU-FSAS-NCCI-H provides a HDLC interface in free-running data output mode. Furthermore a 
trigger output is provided (RS422 level) which indicates the time when the internal inertial sensors are 
sampled (internal generated DAS signal). 

Table �4-5: Pin Assignment Connector MIL-C-38999 III (22 p in) 
 For iIMU-FSAS-NCCI-H (non coning corrected; HDLC) 

Connector type: D38999/24WC35PA (male) [special coding “A”] 
Pin numbering according to connector layout 

Pin N° Signal I/O 1 Description 

1 PGND I Power Ground 
2 PGND I Power Ground 
3 POW_IN I Power Supply 11...34 V DC 
4 POW_IN I Power Supply 11...34 V DC 
5 CLK O Clock for data signal / HDLC (+) 
6 NOGO O GO/NOGO signal, operational status (CMOS) 
7 RxD+ I RS422 (UART) command interface (+) 
8 INIT_BIT I Initiated BIT request (TTL) 
9 RxD- I RS422 (UART) command interface (-) 
10 RESET I Reset of unit (TTL) 
11 DON O Serial data signal / HDLC (-) 
12 DO O Serial data signal / HDLC (+) 
13 CLKN O Clock for data signal / HDLC (-) 
14 DGND O Ground, reference for digital signals 
15 DGND O Ground, reference for digital signals 
16 TRIGOUT O Trigger Out Signal (RS422+ level) 
17 TRIGOUTN O Trigger Out Signal (RS422- level) 
18 TxD+ O RS422 (UART) command interface (+) 
19 TxD- O RS422 (UART) command interface (-) 
20 CASE - CASE GND 
21 SW_ON_SIG I Switch IMU ON / OFF signal (voltage applied = ON)  2) 
22 SWON_GND I GND for SW IMU ON signal 

1)  (I)Input/(O)Output with respect to iIMU-FSAS. 
 
 

 
2)  Level for IMU switching on/off. 
 Hardware-Release 1.x:  5 V (opto-coupler, 8 mA required) 
 Hardware-Release 2.x:  4...34 V (opto-coupler, 8 mA required) 
 
NC:   not connected 
 
The communication interface of the iIMU-FSAS-NCCI can be configured via the RS422 / UART interface. 

Data protocol of the iIMU-FSAS-NCCI-H (data output at adjusted frequency): 
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Electrical Characteristics 

 
Data and Clock Signals (DO, DON, CLK, CLKN) 
Transmission protocol: Unidirectional synchronous data transmission, HDLC-Protocol, NRZ 
Baud Rate: 2 MBit/s 
Signal levels: RS422, internal impedance 120 W 
 
The clock signal is continuously active after initialization of the iIMU-FSAS. Data are stable and may be 
read with its falling edge. 
 
 
Timing 

The timing of the data interface is shown in Figure �4-1. A measurement interval is finished and a new 
interval started with the falling edge of the internal generated data acquisition signal (DAS). Frequency is 
adjustable (100, 200, 300, 400 Hz). Data of the foregoing interval are transmitted after computation. The 
average data latency is therefore TData/2 + TEOT . 

The iIMU-FSAS serves the data interface first about at least 1000 ms (typically 100 ms) after power-on or 

a system reset. 

 
 

Figure �4-1:  Timing Diagram Serial Data Interface 

 

Computation

TComp ..... .....

(N+1)(N)

Measurement

.......... (N+2)(N+1)(N)

DAS Signal

TData

..........TDAS

Data Transmission .....
.....(N+1)(N)

TEOT
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Figure �4-2: Timing Diagram Data Transmission 

DO

CLK TP

TC

TC

THmin
TLmin

 
 
 

Table �4-6: Timing Information Data Interface 

Parameter  Value Remarks 
TData 5 ms (nominal) 

2 ms £ TDATA £ 12 ms 
Failure indication Interface Timeout or Gyro 
Selftest Error (continuously) if exceeded 

TComp » 400 ms For information only 
TEOT < 1000 ms  
TC > 100 ns Clock Period Transmit (according to Baud rate) 
TP -30 to +20 ns Clock output to transmit data delay 
Thmin > 45 ns Clock high time 
TLmin > 45 ns Clock low time 

 

4.6.2 Data Format 

4.6.2.1 Protocol 

The resulting data of a data acquisition cycle are transmitted as one block of fixed number and order of 
data words using the HDLC protocol as shown in Table �4-7: Data Transmission Frame. All data are 
transmitted in bytes, LSByte first, LSBit first within bytes. 
By factory setting two different data transmission frames can be provided. The “Standard Protocol” frame 
contains the inertial data and status information where the “Extended Protocol” frame also contains the 
data age of the gyro and accelerometer data for each sample.  
 

Table �4-7: Data Transmission Frame (Standard Protocol) [i IMU-FSAS-NCCI-H-SP] 

OFlag Addr  Cntr Angular Increment  Velocity Increment  Status  FCS CFlag 
             

7Eh 01h Info DF0 DF1 DF2 DV0 DV1 DV2 Failure 
Status 

IMU 
Status 

CRC 7Eh 

             
8Bit 8Bit 8Bit 24Bit 24Bit 24Bit 24Bit 24Bit 24Bit 16Bit 16Bit 16Bit 8Bit 
Number of bytes in frame: 28 
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Table �4-8: Data Transmission Frame (Extended Protocol) [i IMU-FSAS-NCCI-H-EP] 

OFlag Addr Cntr Angular Increment  Velocity 
Increment  

Status  Data Age FCS  CFla
g 

               
7Eh 01h Info DF0 DF1 DF2 DV0 DV1 DV2 Failure 

Status 
IMU 

Status 
Age 
DF 

Age 
DV 

CRC 7Eh 

               
8Bit 8Bit 8Bit 24Bit 24Bit 24Bit 24Bit 24Bit 24Bit 16Bit 16Bit 16Bit 16Bit 16Bit 8Bit 

Number of bytes in frame: 32 
 
 

4.6.2.2 Frame Words 

OFlag 

Every frame starts with the Opening Flag Byte. 

Addr 

HDLC Address Field. Addr is the 8 Bit address of the iIMU-FSAS. 

Cntr 

HDLC Control Field. 8 Bit, Standard HDLC Information Frame. 

Angle Increment and Velocity Increment Data 

The sensor data are transmitted as increments, i.e. the change in angle and velocity since the last data 
output. Data are transmitted in 24 bit, 2’s-complement notation.  

 
   Angles: 0.1 arcsec/LSB 
   Velocities: 0.05 / 215 m/s/LSB 
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4.7 Command Interface of iIMU-FSAS-CCI/-NCCI 

The communication interface of the iIMU-FSAS-CCI/-NCCI can be configured via the RS422 / UART 
interface. 

The data transmission via RS422 can be started or stopped by sending a one-character command “-“ 
(minus) to the iIMU-FSAS-CCI. Sending the one-character command “m” to the iIMU-FSAS-CCI/-NCCI 
activates the setting menue. 

Main Menu: 

 
 
Configuration Menu (-CCI version): 

 
 
Configuration Menu (-NCCI version): 

 
 
Display Configuration (-CCI version): 

 
 
Display Configuration (-NCCI version): 
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Set Baud Rate: 

 
Set Output Frequency (-NCCI version): 

 
 
Set Output Frequency (-CCI version): 

 
 
Odometer Settings (not available on –NCCI version): 
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5 SENSOR SPECIFICATION 

The inertial sensor has following specification (subject of change without notice): 

see datasheet iIMU-FSAS 
 

5.1 Deliverable Options 

The following versions are available: 

iIMU-FSAS-NCCI-SP  HDLC interface, standard protocol 

iIMU-FSAS-NCCI-EP  HDLC interface, extended protocol 

iIMU-FSAS-CCI-R  RS422 (UART) interface, free-running (25/50/100/200 Hz),  
    coning corrected output 

iIMU-FSAS-CCI-C  CAN interface, free-running (25/50/100/200 Hz),  
    coning corrected output 

The following options are available: 

Options: -SM  included soft-mounts inside of the iIMU-FSAS 
  -HM  without soft-mounts (i.e. hard-mounted) 

  -#  without odometer interface (only for version -CCI) 
  -O  with odometer interface, RS422 level (only for version -CCI) 
  -MS  with odometer interface, iMWS level (only for version -CCI) 

Separate Cables for iIMU-FSAS (all with MIL-C-38999 III on the IMU side):  

CABLE-FSAS-NCCI-CS Standard cable with Sub-D/BNC  
CABLE-FSAS-NCCI-CM0 Connector with crimp contacts 
CABLE-FSAS-NCCI-CM50 Conector with 50 cm bare wires 

CABLE-FSAS-CCI-R-CS Standard cable with Sub-D/BNC (RS422 UART) 
CABLE-FSAS-CCI-C-CS Standard cable with Sub-D/BNC (RS232/CAN) 
CABLE-FSAS-CCI-CM0 Connector with crimp contacts 
CABLE-FSAS-CCI-CM50 Conector with 50 cm bare wires 
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6 MECHANICAL DRAWINGS 

6.1 iIMU-FSAS-CCI/-NCCI 

Attached the mechanical drawings necessary for installation of the iIMU-FSAS-CCI/-NCCI are given. 
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