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1.0 Overview 
The Rocket Data Logger measures and provides sub-millisecond visibility to both subtle forces 

and extreme shocks.  It measures acceleration and rotation in 3 dimensions to capture and record 

inertial motion with very high resolution, dynamic range, and accuracy.   

Approximately every 750 microseconds the Logger collects data from its sensor cluster and 

records it to an onboard flash memory chip (intermediate flight memory).  The recorded data is 

then written to the Logger’s Micro SD media card. By first recoding to the onboard memory, the 

Logger is able to operate in the harsh vibration and high shock environment. 

The MicroSD-card output is configurable. By default, the Logger generates an ASCII comma 

separated text file (.CSV) and a binary raw data file (.RDT). The .CSV file is directly viewable 

by most spreadsheet programs. The .RDT file can be processed by the included post-processing 

software to perform advanced filtering, analysis, formatted spreadsheet (.XLS) file generation, 

and creation of web ready summary report with charts. 

1.1 Product History 
The Rocket Data Logger was originally designed to investigate the forces to which payloads 

were being subjected during their flight in and deployment from ARLISS rockets. The ARLISS 

Project is a collaborative effort between students and faculty at international educational 

institutions, and high power rocketry enthusiasts in Northern California, to build, launch, test and 

recover miniaturized prototype satellites, in preparation for an Earth orbit or Mars orbit space 

launch. (www.arliss.org) 

The Logger was designed to reside in the base of the ARLISS payload carrier. Data provided by 

the Loggers was used to: 

 Help ARLISS Satellite Teams to better understand the environment for which their 

satellites must be designed. 

 Permit ARLISS Rocket designs to be improved to provide a more consistent and less 

stressful flight for their payloads. 

 Provide failure analysis data to help determine the conditions leading up to satellite 

deployment. 
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1.2 Logger Sensors and Features 
The Logger electronics module contains the below sensors and feature components: 

 The primary tri-axis accelerometer is an Analog Devices ADXL377 and amplifier/filter 

circuit that measure up to ±200 g. This accelerometer is used to measures extreme forces 

and shocks; such as ejection charges, parachute inflations, and impacts. 

 The secondary tri-axis accelerometer is a STMicroelectronics LSM330DLC inertial 

module (IMU). The LSM330 is configured to measure up to ±16 g. This accelerometer is 

used to measure more subtle forces; such as motor thrust and tilt angle. 

  The tri-axis digital gyroscope also resides on the STMicroelectronics LSM330DLC. It is 

configured to measure angular rates of up to ±2000 degrees per second (dps). 

 A photo-transistor that monitors the ambient light level. This sensor can be used to detect 

the moment the Logger is exposed to the sky and therefore can detect premature or 

delayed payload deployment. 

 An on-board flash memory chip that acts as intermediate data storage for recordings. 

Data is first recorded to this memory chip and then is copied to the MicroSD-card. The 

data on this memory chip is not erased until after it is successfully copied. The 

intermediate memory enables reliable recording even in environments of very harsh 

shock and vibration. 

 A SDHC MicroSD-card socket. The MicroSD-card is used to hold recorded flight data. 

 Red, Green, and Blue LEDs that are used to communicate the Logger’s activity and 

launch readiness status. 

 A serial port that can be connected to a terminal (or terminal emulator). The serial port 

can be used to perform advanced control functions. 

1.3 Logger Data Analysis 
By default, each recording results in both an ASCII comma separated text file (.CSV) and a 

binary raw data file (.RDT). The .CSV file is directly viewable by most spreadsheet programs. 

The spreadsheet program can then be used to generate charts and analyze the data. 
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The .RDT file is intended to be post-processed on a PC/Mac. The post-processing program 

adjusts the recorded data applying the calibration information to correct for both sensor zero bias 

and scaling. Digital filters may be selected to remove high frequency noise to produce smoother 

charts. 

 

The filtered data is analyzed to determine the moment of motor burn-out and the moments of 

the first and last deployment events. This divides the flight into four phases (time windows), 

the launch phase, the coast phase, the deployment phase, and the recovery phase. 

Zoomed-in charts are produced for the launch and deployment phases. An interactive pan and 

zoom chart can be generated for the launch phase, deployment phase, or for a user specified 

time range. 

The launch phase is automatically selected for advanced analysis. The user may also select 

another phase or time range to be analyzed. 
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A Time Domain Power Analysis may be performed. This analysis computes the normalized 

acceleration impulse across a moving window of time. It provides visibility to the magnitude 

(and directional components) of instantaneous forces being exerted on the rocket. 

The “premium version” of the Post-Processor is also able to perform Frequency Domain 

Vibration Analysis and Shock Response Spectral Analysis. As of this writing, these analysis 

tools were in their beta test phase and while in this test phase, they will be enabled in all 

versions of the Post-Processor. 

The Frequency Domain Vibration Analysis is synchronized to the same data ranges as the 

Time Domain Power Analysis so that the same data can be viewed simultaneously in the 

time and frequency domains. A Fast Fourier Transformation is applied to map a time range 

into the frequency domain, and then the Acceleration Spectral Density is computed and 

plotted. This analysis is useful when determining the components that compose the 

seemingly random vibrations that occur. 

The Shock Response Spectral Analysis is a tool used to measure and examine short duration 

forces acting on a rocket. It is especially useful for measuring shocks produced by 

pyrotechnic events. For this analysis, a large number of single dimension of freedom 

mechanical systems are modeled. Each mechanical system is constructed to have a unique 

natural frequency in the range from 1 Hz to 2500 Hz. The recorded acceleration data is used 

to stimulate these models. The peak responses from each model are charted. 

A web ready flight report is generated. The report is a hyperlinked combination of html, xsl, 

xml, and png files. Together they summarize the rocket flight and providing a number of 

charts and tables. A spreadsheet file (xls) provides sub-millisecond flight details. And, 

analysis program result details are available in comma delimited text files (csv). 
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2.0 Quick Start Installation and Operation 
The standard retail packaging for the logger contains: 

 Rocket Data Logger (with 150 mAh battery and MicroSD-Card) 

 Quick Start Guide (contains the information from this chapter) 

 Drilling Guide (LASER cut) 

 MicroSD-card to SD-card socket adapter 

 Five #4-40 x 5/16” screws for mounting the Logger onto a 1/8” thick panel 

 Five #4-40 x 7/16” screws for mounting the Logger onto a 1/4" thick panel 

The MicroSD-card contents are: 

 The Logger’s calibration report. All Loggers are calibrated and tested before they are 

sold. 

 A copy of this User’s Guide. 

 A copy of the Post-Processor’s User’s Guide 

 A ReadMe.TXT file containing the latest product release notes. 

 An installer file for the Post-processing Software.  (ADL_installer.jar) 

2.1 Logger Installation 
The Logger may be “hard mounted” (attached to a platform in your rocket using screws) or “soft 

mounted” (wrapped in bubble wrap and placed in a nosecone or payload compartment). Hard 

mounting obtains the most accurate measurements. Regardless of whether the Logger is hard or 

soft mounted, for its launch detection mechanism to work, the Logger must be mounted so that 

the rocket’s launch thrust aligns with one of the Logger’s axes.  (+X, -X, +Y, -Y, +Z, or –Z) 

To facilitate hard mounting, a Logger Drilling Guide is provided. Place it the where you intend 

to mount the Logger and mark the locations of the 5 mounting holes. Drill 1/8” holes at these 

locations and use the provided screws to mount the Logger. 
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2.2 Logger Operation 
To record a flight (the short version): 

1. Verify that the MicroSD-card is inserted in its socket and the battery is plugged in. 

2. Turn on the Logger by inserting a small screwdriver into the slot on the power switch and 

rotating it 3/4 turn clockwise. The Red LED will illuminate and the Green LED will start 

blinking slowly. If for some reason the Green LED is not blinking, turn power off and 

then back on. 

3. Wait 20 seconds for the Logger to blink out a launch readiness code.  

Red-Red - <digit 1 in Green> - Red - <digit 2> - Red - <digit 3> - repeats once more. 

4. If the 1st digit of the health code is “1”, fly it. 

If it is not a “1”, then see the User’s manual Appendix C: Appendix C: LED Codes for 

the meaning of the code. 

5. When you get the Logger back to camp, turn it off. 

6. Use a spreadsheet program to directly examine the .CSV file on the MicroSD-card or use 

the post-processing software to generate web ready files. (Open the resulting index.xml 

file with a browser.) 

To record a flight (the long version that explains the blinking LEDs): 

1. Make sure that the MicroSD-card is inserted in its socket and the battery is plugged in. 

2. Turn on the Logger by inserting a small screwdriver into the slot on the power switch and 

rotating it 3/4 turn clockwise. The Red LED will illuminate and the Green LED will start 

blinking slowly. If for some reason the Green LED is not blinking, turn power off and 

then back on. 

3. The Green LED will blink slowly for 20 seconds. (This is the period when a serial 

terminal can be used to start a conversation with the Logger.) 

4. After 20 seconds, the Logger enters automatic launch detect mode. It will perform a 

launch readiness test and blink out the 3-digit results code. 

+Y 

+Z is out of the page 

towards the reader 
+X 

Power switch 
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Red – Red  {Two red blinks indicated the start of the 3-digit code.} 

<digit 1 blinked out in Green>  {Count the number of green blinks} 

Red  {The Red LED blinks once between digits}  

<digit 2 blinked out in Green>  {Count the number of green blinks} 

Red  {The Red LED blinks once between digits} 

<digit 3 blinked out in Green>  {Count the number of green blinks} 

Red – Red - etc. {The 3-digit code is repeated a second time.}  

The expected readiness code is 1-x-y; where 1 means the Logger is ready to launch  

and x.y is the battery voltage. Most likely the code displayed will be something like  

1-4-1. Meaning "ready to launch" and battery voltage = 4.1V. 

For a description of LED codes see Appendix C: LED Codes. 

5. The Logger then will go to sleep. 

(Red LED off; Green LED blinks very briefly every 8 seconds). 

6. A sudden movement of the Logger will wake it from sleep mode. It will blink its Green 

LED at a moderate rate (launch detecting) for 30 seconds, perform its health check, blink 

out the result, and return to sleep. (So, giving the Logger a nudge is a way to have it tell 

you its battery level.) 

7. [You probably won't see this part.] When the Logger detects "launch" it blinks its Green 

LED rapidly for about 45 seconds as it is recording the flight into the on-board Flash 

memory chip. Then it immediately copies the contents of the flash memory to the 

MicroSD-card. In its default configuration, the copy operation should take about 

10 minutes.  

The Blue LED will be flashing while the MicroSD-card is accessed. 

After a successful copy, the flash memory is erased. 

Then the Logger resets itself and if ready for another flight. 

8. By the time the rocket is recovered, it will probably done recording, copying, reset for 

another flight, and sleeping. Picking up the rocket may wake it from sleep mode. 

9. When you bring the Logger back to camp, check its LEDs. 

If the Blue LED is off or on solid, turn the Logger off. 

If the Blue LED is blinking, then the Logger is not done copying. Wait a few minutes for 

it to finish. 

If the Blue LED was on solid, then the copying of the data from the intermediate memory chip to 

the MicroSD-card was not successful. Refer to 9.0 Troubleshooting. 
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3.0 Logger Hardware 
The below is an image of the Rocket Data Logger module. The X and Y axes of the Logger’s 

coordinate system are shown. The Z-axis is out of the page towards the reader. 

 

A – Power switch. Rotate clockwise for ON. Rotate counterclockwise for OFF. The Red LED is  

        located just left of the switch and the Green LED is just below the switch. 

B – Battery connector. 3.7 V to 5 V. JST PH connector (Do not use 4-cell battery packs.) 

C – Light sensor. 

D – MicroSD-card, latching type. Push to insert. Push to remove. 

The serial port connector is on the back of the Logger module. 

 

E – Serial port connector. 9600-8-N-1 (no flow control, full duplex, <cr><lf> newlines) 

  The serial port interface is 3.3 volts. Use only 3.3V serial adapters. 

 Pin 1  -  Transmit data 

  Pin 2  -  +3.3 V regulated supply output (for Bluetooth or WiFi adapter) 

 Pin 3  -  Ground 

 Pin 4  -  Receive data 
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4.0 Logger Operation 
When the Logger is powered on, it will wait 20 seconds for command input from the serial port. 

If a character is received on the serial port during this interval, the Logger enters Shell Command 

Mode. Otherwise it enters Automatic Mode. 

4.1 Automatic Mode 
Upon entry into Automatic Mode, the Logger…  

1. Configures the sensors to detect rocket launch movement. 

2. The Logger performs a Flight Readiness Test. The result of the test is displayed on the 

LEDs, twice.  

3. The Logger then goes to sleep. 

If a nudge is detected while the Logger is in the process of displaying the results of the Flight 

Readiness Test, the Logger immediately enters Launch Detecting State..  

4.1.1 Sleeping State 

While sleeping, battery utilization is minimized. This state permits the Logger to be powered-on 

for days and automatically record all flights during that period. While in this state the IMU 

accelerometer is powered-on and programed to wake the Logger if it detects acceleration greater 

than the 1.5 g that is sustained for more than 2 milliseconds (a nudge).   

While the Logger is sleeping, the Red LED is off and the Green led flashes very briefly about 

every 8 seconds. When woken, the Logger immediately enters Launch Detecting State. 

4.1.2 Launch Detecting State 

While launch detecting, the Logger computes acceleration impulse along all three axes. The 

impulse is computed over about a 190 millisecond rolling interval. If the impulse along any of 

the three axes exceeds 0.75 g*sec and the impulse magnitude along each of the other two axes is 

less than .286 g*sec, launch is detected. (These are the default impulse thresholds.) 

To provide a better understanding of the 0.75 g*sec threshold, the below examples are provided. 

 An average thrust of 5 g (plus the 1 g gravity vector) maintained for 0.125 second will 

trigger launch detect at this threshold. 

 An average thrust of 6.5 g (plus the 1 g gravity vector) maintained for 0.1 second will 

trigger launch detect at this threshold. 
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 An average thrust of 8 g (plus the 1 g gravity vector) maintained for 0.083 second will 

trigger launch detect at this threshold. 

 An average thrust less than 2.95 g (plus the 1 g gravity vector), no matter how long it is 

maintained, will not trigger launch detect at this threshold. 

The acceleration that occurs over this 190 millisecond launch detect interval is part of the 

recorded flight data.  

While in “launch detecting state", the Logger’s Red LED is on solid and its Green LED is 

blinking once per second. (This blink rate is referred as a “moderate rate”). 

If launch detect is triggered the Logger enters “Flight Recording State”.  

If the “launch detection period” (default is 30 seconds) expires without the Logger detecting 

launch, then the Logger performs a flight readiness test and enters Sleeping State. Note that a 

nudge occurring during the displaying of the Logger’s health code will immediately terminate 

the display and make the Logger re-enter “launch detecting state”. 

4.1.3 Flight Recording State 

During this period the all the sensors, except for the gyroscopes are read (nominally) at 1.344 

KHz (every 744 microseconds). The gyroscopes provide data at half this rate. (The LSM330 

gyroscopes are not capable of meeting the faster sample rate.) A typical payload carrying (slow 

moving) rocket will reach a 10,000 foot apogee altitude 25 seconds after launch. So the AL-016 

Logger’s 45 second recording period captures the launch, parachute deployment, and payload 

deployment, as well as a significant period after deployment.  

While in “Flight Recording State”, the Logger’s Red LED is on and its Green LED blinks 8 

times per second. (This blink rate is referred as a “fast rate”). 

Initially, the recorded flight data is written to an on-board flash memory chip on the Logger. 

After the flight is recorded, “SD Copy State” is entered. 

4.1.4 SD Copy State 

In this state the flight data recorded in the on-board flash memory is copied onto the MicroSD-

card. By default, a raw binary file (.RDT) is written to the card, then the raw data is sensor bias 

corrected, formatted as an ASCII text comma delimited file (.CSV), and written to the MicroSD-

card. This processing typically takes about 10 minutes, but since it typically takes about 20 

minutes for a rocket to descend from 10,000 feet, the copy operation should complete before the 

rocket touches down.  
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If for any reason the SD Copy operation is interrupted, it will restart the next time the Logger 

enters “Automatic Mode”.  When it completes successfully, the flight data on the flash memory 

is erased. 

While in “SD Copy State”, the Logger’s Red LED is on. The Logger’s Green LED is also on 

nearly 100% of the time. It briefly turns off every few seconds. There is also a Blue LED located 

next to the MicroSD-card socket which is illuminated whenever the MicroSD-card is accessed. 

4.1.5 The Flight Data Files 

The flight data files are written to the root directory (folder) on the MicroSD-card. The file 

names have the formats “FLTnnnnn.RDT “ and “FLTnnnnn.CSV”; where nnnnn is a 

sequentially generated number used to order the files and make each file name unique.  

The .RDT file is a binary raw data file that is intended to be used by the post-processing 

software. 

The .CSV file contains ASCII text data fields that are delimited by commas. Each record begins 

with a record ID as its first field and the record is terminated by <carriage return> and <line 

feed> characters (the Windows standard). This format file can be imported into most spreadsheet 

programs. (The illustrations in this document are generated from Microsoft Excel 2010.) 

Several types of flight data records are written to the flight data file. The descriptions of the 

various record types are provided in Appendix B: Flight Data File Format. 

4.1.6 The Flight Readiness Test 

The flight readiness test checks the following conditions: 

1. The Logger is calibrated. 

2. A MicroSD-card is inserted in its socket. 

3. The battery voltage is 3.7 V or greater. 

The result of the test is displayed using the Red and Green LEDs. The LED codes are described 

in Appendix C: LED Codes. 

The Flight Readiness Test is performed: 

 Upon entry to Automatic Mode 

 On the transition from Launch Detecting State to Sleeping State 

 When invoked by the “sta” (status) shell command. 
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4.2 Shell Command Mode 
Shell Command Mode is entered by the Logger receiving a character from the serial port before 

shell command wait time limit expires.  While in this mode, the user will be prompted to enter 

shell commands. The responses to the commands are displayed on the serial console. 

Shell restrictions 

The backspace key is supported to make typing corrections, but the delete key is not supported. 

Commands are case sensitive. When white space is shown in a command, only a single blank 

character is accepted. In most cases, additional characters in a command are ignored. (e.g. staxyz 

will still execute the status command.) 

Shell commands 

Most of the shell commands are intended for development use. Commands intended for user use 

are: 

 help or ? – Display shell commands 

 sta – Display Logger status 

 cal – Calibrate the Logger 

The commands available in this mode are displayed on the serial console as a response to the 

“help” command. (“?” is a synonym for “help”.) Note that the <enter> key must be pressed after 

typing each shell command. 

help or ? 

APMD>? 

APMD AV-Bay Firmware v0.11 

  Available commands: 

    cal - calibrate the logger 

    sta[tus] - show firmware version and power status 

 

APMD> 

 

4.2.1 Display Logger Status 

The status command displays a collection of useful Logger status information including, 

firmware version, time since power-on, critical voltages, and the result of  a Flight Readiness 

Test. 
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APMD>sta 

APMD Firmware v1.0 -Z 

        Logger S/N: 00031 

         NativeCfg: 1 

              Time: 8.0608 

             Vbatt: 4.05 volts 

        The Logger is healthy and ready to launch. 

APMD> 

 

When communicating with technical support, the user may be asked for the Logger’s firmware 

version. The Logger’s firmware version is also written into the header of all spreadsheet files. 

This command is also useful at the completion of the calibration step to determine if the Logger 

is ready to fly. 

4.2.2 Calibrate 

This command calibrates the Logger’s accelerometers and gyroscopes. See chapter 6.0 

Calibration for more information on this command. 
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5.0 Battery Management 
The battery power source is managed by the Logger.  The Logger has four power utilization 

states: 

 Sleeping (<2mA) 

 Ready (Launch Detecting) (10 mA) 

 Recording (15 mA) 

 Copying (40 mA) 

If the Logger is stationary, it normally resides in the “sleeping” state. While in this state the IMU 

accelerometer is powered-on and programmed to detect movement. The Logger’s 

microcontroller is also placed in a power-saving sleep state. When movement occurs, the IMU 

accelerometer wakes the microcontroller and the full sensor cluster is powered on. This transition 

from “sleeping” to “ready” occurs in about 2 milliseconds. If the Logger is permitted to “sleep” a 

150 mAh battery will sustain it for several days.  

The “sleeping” state can be identified by the Red and Blue LEDs being off while the Green LED 

blinks on very briefly about every 8 seconds.  

In other states, the full sensor cluster is powered-on, the microcontroller operates at full speed, 

the Red LED is on, and the Green LED is blinking. The blink rate of the Green (and Blue) LEDs 

can be used to identify the other states.  

In “ready” state, the Green LED blinks at a moderate rate (1 Hz). The microcontroller is 

monitoring the sensors, but the on-board flash memory and MicroSD-card are idle. 

In “recording” state, the Green LED blinks rapidly (8 Hz). The microcontroller is moving data 

between the sensors and on-board flash memory. The MicroSD-card is idle. 

In “copying” state, the Green and Blue LEDs blink. The microcontroller is copying data from the 

on-board flash memory to the MicroSD-card. 

To compute battery life, the amount of time the Logger spends in each of these states must be 

estimated. 

 Recording; by default this is 45 seconds. (Estimate 15mA for .0125hr = .2mAh) 

 Copying; by default, using the included Class 10 MicroSD-card about 10 minutes. 

(Estimate 40mA for .17hr = 6.7mAh) 

 Ready; let’s assume the Logger being non-stationary for about 30 minutes counting 

transporting the rocket/Logger and parachute swing time. 

(Estimate 10 mA for .5hr = 5mAh) 
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 Sleeping; the rest of the time. 

From the above, making a recording uses about 12 mAh. So, 10 recordings made over a 3-day 

period without recharging requires about 135 mAh. 

Note that the Logger’s “launch readiness” test indicates failure if the battery voltage is less than 

3.7 V. This voltage corresponds with about 7% of the battery life remaining. 

Also note that new batteries are shipped from the factory at about 3.85V (60% charged). This 

level of charge is optimum for shipping and storage. 
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6.0 Calibration 
Measurements made by different sensors exhibit measurement inconsistencies due to variation in 

the manufacturing process. Even when sensors are “calibrated at the factory”, the sensors 

typically need to be recalibrated as their components age and/or are subjected to a hostile 

environments. The temperature changes, shocks, and vibrations that occur transporting 

equipment to/from a rocket launch event and flying in a high power rocket certainly comprise a 

hostile environment for microelectromechanical systems such as accelerometers and gyroscopes. 

We don’t know how quickly this hostile environment will necessitate recalibration. If in the 

user’s judgment, the Logger needs recalibration, the below procedure should be used. 

When a Logger enters Automatic Mode, in preparation for recording a flight, the Logger checks 

for the existence of valid calibration data on its flash chip. If the data is missing or corrupted, the 

Logger will indicate that it is “not ready to fly”.  The below procedure should be used to 

recalibrate the Logger.  

6.1 The Calibration Procedure 
Logger calibration must be performed on a flat and level surface. The procedure uses the Earth’s 

gravity to stimulate accelerometers to 1 g and the Logger must be able to be positioned so that 

each of six orientations aligns a sensor axis with this gravity vector. This can be done by the user 

holding the Logger, but better results will be achieved if a fixture can be used to hold the Logger 

stable in each of these orientations during calibration. 

To perform calibration, the Logger must be connected to a PC/Mac via its serial port. A 3.3V 

USB Serial Adapter similar to the Sparkfun CAB-1297 or the Adafruit 954. Do not connect the 

VCC wire from these adapters. Only connect the TX, RX, and Gnd wire. The Logger should be 

powered from its own battery. Do not use a 5V version of this adapter.  

You will also need terminal emulation software such as TeraTerm, Putty, or HyperTerm. 

Some adapters need to be plugged into the USB port after the serial wires are attached and the 

Logger is powered on. The following sequence seems to be completely reliable. 

1. Attach the adapter’s TX, RX, and Gnd wires to the Loggers serial connector.  

See 3.0 Logger Hardware for the pin definitions. 

2. Launch your Terminal Emulator Application. Configure it for 9600 bits per second, no 

parity, and 1 stop bit. (9600N1), but do not connect to a serial port yet. 

3. Power on the Logger. You now have 20 seconds to accomplish the next three steps. 

4. Plug in the adapter to the computer’s USB port. The computer should detect and register 

the device. 
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5. From a Terminal Emulator menu, connect to the new serial (COM) port. 

6. Press the Enter key, transmitting the keystroke to the Logger. 

7. The Logger will write a command shell prompt to the Terminal Emulator’s screen and be 

waiting to accept command input. 

The calibration procedure is started by entering the “cal” command at the command shell 

prompt. The Logger will reply with… 

APMD>cal 

CAL: When you are asked to do so, place the logger on a level 

     flat surface with the designated axis oriented as stated. 

     Then press the enter key and do not move the unit until 

     the next message appears on the console. 

CAL: Point the X-axis up and press enter. 

CAL> 

Orient the Logger so that the X-axis is straight up. The Logger axis orientations are 

shown/described on page 9. Note that from the time the user presses <enter> until the next 

instructional prompt appears the Logger must be kept in the specified orientation and still. 

The Logger will make 300 measurements to “warm up and stabilize” the sensors. The results of 

these warm-up measurements will be discarded. The Logger will then make 2048 measurements 

and these measurements will be averaged to determine the calibration measurement for this 

orientation. 

When the Logger states that an axis is to be “up”, it measures all accelerometers and gyroscopes. 

When the Logger states that an axis is to be “down”, it only measures accelerometers. Since the 

gyroscopes generate samples slower than the accelerometers, more time is required to gather the 

sample set when the axis is “up”. 

Although all axes will be measured, only the measurements made on the vertical axis will 

become part of the calibration data. The data from the other axes is used to detect a user 

positioning error. 

After the measurement set is collected, the below prompt will appear: 

CAL: Point the X-axis down and press enter. 

CAL> 

Orient the Logger as instructed and press enter. The user will be prompted through a total of six 

orientations. 

CAL: Point the Y-axis up and press enter. 

CAL> 

CAL: Point the Y-axis down and press enter. 
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CAL> 

CAL: Point the Z-axis up and press enter. 

CAL> 

CAL: Point the Z-axis down and press enter. 
 

After the last set of measurements is made the results of the calibration will be displayed and the 

user will be asked permission to store the calibration results. (The output has been reformatted to 

fit inside this document’s margins.) 

 Board S/N=00046, usec/sample=685 

 IMU_accel_raw bias=(-21,-13,-20), +axis=(1330,1285,1274),  

                                   -axis=(-1373,-1312,-1314) 

 IMU_gyro_raw bias=(-15,12,-9) 

 ADXL_raw     bias=(512,512,510),  +axis=(509.96,509.98,507.76),                          

                                   -axis=(514.28,514.47,512.29) 

 

 IMU_accel_Gs  bias=(-0.02,-0.01,-0.02), +axis=(1.00,0.96,0.96),  

                                       -axis=(-1.03,-0.98,-0.99) 

 IMU_gyro_DPS  bias=(-1.05,0.84,-0.63)  

 ADXL_mV       bias=(1.65,1.65,1.65), +axis=(1.65,1.65,1.64),  

                                      -axis=(1.66,1.66,1.65) 

 

CAL: Do you want to store these results? (y or n) 

CAL> 

The IMU’s internal clock is used to initiate a sample measurement. The usec/sample field shows 

the average number of microseconds between these IMU measurement initiations. Nominally, 

the IMU should initiate a measurement every 744 microseconds. The internal clock on this IMU 

is running about 8% faster than nominal. Note that this time is measured against the Logger’s 

microcontroller’s internal clock, which is specified to have a worst case tolerance of ±1% and a 

typical tolerance of ±0.1%. 

The output results first shows the calibration data in LSBs (the raw measurement from reading 

the sensor), then it repeats the output with the measurements converted to g units, degrees per 

second, and millivolts for the IMU accelerometers, IMU gyroscopes, and ADXL accelerometers, 

respectively. 

In the IMU_accel_raw section, the ordered triplet labeled “+axis” contains the average value of 

the IMU accelerometer measurement set when the Logger’s +X-axis, +Y-axis, and +Z-axis was 

oriented up.  

The ordered triplet labeled “-axis” contains the average value of the measurement set when the 

Logger’s -X-axis, -Y-axis, and -Z-axis was oriented up. Note that “–X-axis up” is the same 

orientation as “+X-axis down”. (The data read from the IMU’s accelerometer’s registers is 
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displayed as two's complement signed numbers.) The ordered triplet labeled “bias” is the zero-

bias adjustment value computed from the +axis and –axis triplets. This computation is described 

below. 

In the IMU_gyro_raw section, the ordered triplet labeled “bias” contains the average value of the 

IMU gyroscope measurement set when the Logger’s +X-axis, +Y-axis, and +Z-axis was oriented 

up. Inversion has no bearing on gyroscope operation, so these measurements can be used directly 

as gyroscope zero-bias adjustments. The data read from the IMU’s gyroscope’s registers is 

displayed as two's complement signed numbers. 

In the ADXL_raw section, the ordered triplet labeled “+axis” contains the average value of the 

ADXL accelerometer measurement set when the Logger’s +X-axis, +Y-axis, and +Z-axis was 

oriented up. The ordered triplet labeled “-axis” contains the average value of the measurement 

set when the Logger’s -X-axis, -Y-axis, and -Z-axis was oriented up. The data read from the 

ADC representing the ADXL accelerometers is displayed as unsigned numbers. 

The ordered triplet labeled “bias” is the zero-bias adjustment value computed from the +axis and 

–axis triplets. This computation is described below. 

The converted data output section repeats the contents of the raw data section, only displaying 

the data in more easily interpreted units. The datasheet conversion coefficients of 0.75 mg/LSB  

(12 mg/16; where the 16 divisor is from IMU’s 12-bit result being left justified in a 16-bit field) 

and 70 mdps/LSB are used for IMU related conversions. The ADXL measurements are scaled by 

the circuit’s analog to digital multiplier of 0.003226 volts/LSB. 

If the displayed calibration results seem correct, then type ‘y’ to write the data to the flash 

memory. If the data was written to the flash memory, then you are also prompted for writing the 

calibration report to the MicroSD-card. 

6.2 Accelerometer Zero-Bias Computation 
The calibration procedure generates +axis and –axis ordered triplets using raw LSBs for the IMU 

and ADXL accelerometers. The +axis measurements were made under the influence of +1 g 

acceleration. The -axis measurements were made under the influence of -1 g acceleration.  

The zero-bias adjustment for a specific accelerometer is the value the accelerometer should read 

under the influence of zero-g. Interpolation is used to compute this value. 

  

                     (
(              )  (              )

 
) 
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It’s just the average of the +axis and –axis ordered triplets. The zero-bias adjustment is applied to 

a raw measurement through subtraction. 

                                                 

 

6.3 Accelerometer Scale Factor 
The calibration adjustment equation for accelerometers is: 

              (                             )                  

The zero-bias adjustment computation was described in the previous section.  

The scale adjustment is computed by the below equation: 

                 (
 

(              )  (              )
) 

6.4 Calibration Adjustments and Flight Data 
The IMU accelerometer data in the MicroSD-card’s Flight Data Files only have the zero-bias 

adjustment applied. It is expected that post-processing will apply the IMU accelerometer scale 

adjustment. 

This calibration procedure does not provide a basis for computing a gyroscope scale adjustment, 

so gyroscope data in the MicroSD-card’s Flight Data Files only have the zero-bias adjustment 

applied. 

A meaningful conversion of ADXL acceleration data from volts to g units could not be done 

without applying the ADXL’s scale adjustments. So, both the zero-bias and scale adjustments are 

applied to ADXL accelerometer data in the MicroSD-card’s Flight Data Files. 
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7.0 Logger Configuration File 
When the Logger boots and there is a MicroSD-card inserted, it checks the top level directory for 

the existence of a file named “LOGGER.INI”. If that file exists, the Logger reads the file and 

sets configuration properties based upon the statements in the file. 

The LOGGER.INI file, hereafter called the configuration file, consists of ASCII text records. 

Each record in the file is processed as a series of tokens separated by white space (white space is 

defined as a one or more space characters, tab characters, or commas. 

If the first character of the first token of a record is an asterisk (‘*’), then that entire record is 

considered a comment record and the record is ignored. Also records consisting of only white 

space are ignored. 

All other records are processed as parameter name / value settings. That is, the first token of the 

record is processed as a parameter name and the second token is processed as the numeric value 

to which the parameter is to be set. 

Valid parameter names are: 

 record_pgs  -  number of flash pages to be used to record a flight 

 bin_pgs - number of flash pages to be written to SD as a binary file 

 csv_pgs - number of flash pages to be written to SD as a csv file 

 shell_wait - number of seconds to wait for a shell command before automatic mode entry 

 ld_wait - number of seconds launch detect will stay active before going to sleep 

 start_delay – number of seconds to wait before forcing a recording to begin 

 dbg_noerasef - don't erase flight in flash memory automatically 

 dbg_dmclroff - don't dump memory on mclr reset 

The parameter value must be an unsigned number that is greater or equal to zero. The maximum 

value is dependent on the specific parameter to which the vale is being assigned. Boolean values 

are defined as 1=TRUE and 0=FALSE. If the parameter value is not stated in the record, then the 

implied value is 1. 

record_pgs  -  number of flash pages to be used to record a flight 

The units for this parameter are flash pages. If it does not appear in the configuration file, then 

the default number of flash pages is 6390. (About 47.5 seconds at 7.44 ms per block.)  This is set 

for the characteristics of the typical ARLISS flight.  The maximum value that can be set, given 

that the flash memory chip is 16 Mb, is 7930 pages. If set to zero, only the flight header and 

launch detect data will be written to the MicroSD-card. 
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This parameter should be specified if a larger flash memory is installed and a longer flight 

recording duration is desired. 

bin_pgs  -  number of flash pages to be written to SD as a binary file 

The units for this parameter are flash pages. If it does not appear in the configuration file, then 

the default is to write the entire set of recorded pages to the MicroSD-card.  If this parameter is 

set to a value that is larger than the number of pages recorded, the number of pages recorded will 

be used rather than the specified parameter value.  If this parameter is set to zero, no binary file 

will be written to the MicroSD-card. 

Example: 

* Don’t create a binary flight file on the MicroSD-card.  

bin_pgs 0 

 

csv_pgs  -  number of flash pages to be written to SD as a csv file 

The units for this parameter are flash pages. If it does not appear in the configuration file, then 

the default is to write the entire set of recorded pages to the MicroSD-card.  If this parameter is 

set to a value that is larger than the number of pages recorded, the number of pages recorded will 

be used rather than the specified parameter value.  If this parameter is set to zero, no csv file will 

be written to the MicroSD-card. 

Example: 

* Don’t create a csv flight file on the MicroSD-card.  

csv_pgs 0 

 

shell_wait - number of seconds to wait for a shell command 

The units for this parameter are seconds. If it does not appear in the configuration file, its default 

value is 20, meaning that the Logger will monitor the serial port for 20 seconds before entering 

Automatic Mode. Setting the parameter to 0 prevent the Logger from entering Automatic Mode. 

The maximum value for this parameter is 255 seconds. 

Example: 

* Wait 60 seconds for a shell command.  

shell_wait  60 

 

ld_wait - number of seconds launch detect will stay active 

The units for this parameter are seconds. If it does not appear in the configuration file, its default 

value is 15, meaning that the Launch Detect State, once entered, will stay active for 15 seconds 
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before going to sleep. Setting the parameter to 0 prevent the Logger from sleeping. The 

maximum value for this parameter is limited to 32000. 

start_delay – number of seconds to wait before forcing a recording to begin 

By default, the value of this parameter is 0; meaning that a recording will begin immediately 

after a launch is detected. If this parameter is set to a non-zero whole number, then the “launch 

detect” mechanism is disabled, and the Logger will begin a recording the specified number of 

seconds after entering Automatic Mode. This parameter is intended to be used when the user 

desires to begin a recording a fixed number of seconds after the Logger is powered on. The 

maximum value for this parameter is 32000 seconds. 

Example: 

* Wait 15 seconds for a shell command.  

shell_wait  15 

* Wait a total of 60 seconds (shell_wait + start_delay),  

*   then start a recording.  

start_delay 45 
 

This parameter has proved useful when performing rocket deployment “ground tests” and impact 

studies. 

The below parameters are recommended only for developer use. 

dbg_noerasef - don't erase flight in flash memory automatically 

This is a Boolean parameter. If it does not appear in the configuration file, its default value is 

FALSE. Setting the parameter to TRUE prevents automatic erasure of flight data in the flash 

memory chip after a successful transfer of the data to the MicroSD-card. Note that if another 

flight is recorded over the unerased old flight data, the resulting data is garbage. So if this 

parameter is set to TRUE, then old flight data must be erased manually before the next flight is 

recorded. 

dbg_dmclroff - don't dump memory on mclr reset 

This is a Boolean parameter. If it does not appear in the configuration file, its default value is 

FALSE. Setting the parameter to TRUE will disable the recording of a crash dump in the event 

of a MCLR invoked reboot. 
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8.0 Post-Processing Software 
The Logger creates a raw data file (.RDT) on its MicroSD-card for each flight recording. This 

compact binary file contains the recording, calibration information, and sensor parameter 

information. Please refer to the Data Logger Post-Processor User’s Guide for detailed 

information on the usage and reports generated by this tool. 

The below charts and summary information are generated by the Post-Processing Software. 

8.1 Portable Network Graphics (PNG) Charts 
The below charts are displayed on the flight page as thumbnail sketches. Double-clicking on the 

thumbnail sketch will open a high resolution chart in a browser tab. 

 Full flight acceleration (X, Y, & Z) 

 Full flight gyroscope rates (X, Y, & Z) 

 Launch phase acceleration (X, Y, & Z; gravity adjusted) 

 Deployment phase acceleration (X, Y, & Z) 

 Launch Vibration Acceleration Density (Magnitude, X, Y, & Z; Time Domain) 

 User Selectable Range Vibration Acceleration Density (Magnitude, X, Y, & Z; Time 

Domain) 

 Launch Vibration Acceleration Spectral Density (Magnitude, X, Y, & Z; Frequency 

Domain) (Beta test version) 

 User Selectable Range Vibration Acceleration Spectral Density (Magnitude, X, Y, & Z; 

Frequency Domain) (Beta test version) 

 Launch Shock Response Spectrum (Magnitude, X, Y, & Z) (Beta test version) 

 User Selectable Range Shock Response Spectrum (Magnitude, X, Y, & Z) (Beta test 

version) 

8.2 Interactive Pan and Zoom Chart 
A Scalable Vector Graphics (SVG) acceleration chart is generated for a user selected time range. 

This chart permits interactive panning and zooming. 
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8.3 Flight Summary and Anomaly Detection 
The filtered data is examined and the below datum is extracted. 

 Launch pad tilt  

 Total motor impulse 

 Average motor thrust over the initial ½ second 

 Average motor thrust 

 Maximum motor thrust averaged over a 0.1 second period 

 Average roll rate 

 Maximum roll rate averaged over a 0.1 second period. 

 Roll rotations to apogee 

 Maximum G-force/shock (forward/backward/sideways)  

 Parachute deployment characteristics 

o Ejection charge shock and the time of its occurrence. 

o Parachute deployment shock 

 Payload deployment characteristics 

o Deployment charge shock (shock event occurring 4-8 seconds after parachute 

deployment) 

o Time of the above event 

o Tether snap-back shock (shock event occurring within a second after the 

deployment charge shock) 

 Time of actual payload deployment based upon light detection 

Many of the above summary characteristics are compared to a typical value range. If the 

characteristic is not within the range, it is flagged as an anomaly. Other anomaly conditions are: 

 Inability to detect parachute or payload detection events. 

 Data file corruption. 
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9.0 Troubleshooting 
Blue LED is on solid 

The solid on Blue LED means that the Logger was trying to communicate with the MicroSD-

card and the card was not responding. The MicroSD-card may have failed (unlikely), the card 

may have popped out of its socket, or the connection with the card was lost while the Logger was 

communication with it. Usually this condition is the result of the MicroSD-card not being 

securely inserted in its socket. Sometimes nudging the edge of MicroSD-card, during launch 

preparation, results in an inserted, but unlatched card. Vibration then causes the card to work 

free. However, we have also observed that a severe shock applied to the Logger’s Y-axis can 

unlatch a card. 

To clear this condition, re-seat the MicroSD-card and turn on the Logger. It will notice a flight 

recording residing in the flash memory and perform the copy operation. Then it will reset itself 

and be ready to fly again. 

If the MicroSD-card worked free while the Logger was writing to its file directories, then the 

MicroSD-card may need to be reformatted before it can be used. 

 



 Specifications Appendix A: 
FAST SAMPLE PERIOD 670 to 750 microseconds (~1344 Hz) 

  

SENSOR CLUSTER  

Primary accelerometer ±200g (Analog Devices ADXL377) 

Secondary accelerometer ±16g (ST Microsystems LSM330DLC) 

Gyroscope ±2000dps  (ST Microsystems LSM330DLC) 

Light sensor Avago Technologies APDS-9002 

  

RECORDING TIME  

Flash memory 45 seconds per event (continuous) 

Recording cycle time 3 minutes (fast cycle mode, binary output only) 

Approx. 10 minutes (when outputting both binary file and ASCII 

.csv file 

  

LAUNCH DETECT 

TRIGGER 

0.75 g*seconds of force (default) 

  

INPUT/OUTPUT  

Serial port 9600bps 8N1 3.3V (with power and ground) 

File input/output Micro SD media card (PC/MAC compatible file system) 

Indicators Red, Green, and Blue LEDs 

  

SOFTWARE / FIRMWARE 

FEATURES 

Logger is configurable via MicroSD-card 

Logger can output binary and ASCII text .csv compatible files 

Post-processing software produces formatted spreadsheet (xls) file 

and web format summary results (html/xlt/xml) and graphs (png). 

  

MECHANICAL  

Dimensions 2.9” x 1.4” x 0.58” (74mm x 36mm x 15mm) 

(including 150 mAh battery and mounting hardware) 

Mass 20.5 grams 

  

POWER SUPPLY  

Absolute maximum voltage 5.3 V (Do not use 4 cell NiMH, NiCad, or Alkaline battery packs.) 

Recommended operating 

voltage 

3.7V to 5V  (3.7V 150mAh Lithium Polymer battery included) 

JST-PH 2-pin connector 

Operating mode 14 milliamps 

Sleep mode <2 milliamps 

  

ENVIRONMENT  

Operating temperature 0°C to 70°C 
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 Flight Data File Format Appendix B: 
Flight Data Files contain ASCII text records of various types. Each record consists of fields 

separated by commas. Each record is terminated by a <carriage return> <line feed> character 

pair. The first field in each record indicates the type of the record (RecordID). 

RecordID Description 

A0 Flight Header Header Record 

A1 Flight Header Data Record  

C0 Calibration Header Record 

C1 Calibration Data Record 

D0 Pad Tilt Header Record 

D1 Pad Tilt Data Record 

F0 Flight Data Header Record 

F2 Launch Detect Data Record 

F4 Flight Data Record 

<blank> Blank record. Used to separate file sections. 

* Comment record. 

In general, a header record contains the column titles for the for the data records that follow it. 

Header records are provided only for the convenience of humans viewing the files. 

Flight Header Records (A0 & A1): 

 

 

The microcontroller used in the Logger does not perform floating point operations efficiently, so 

instead it uses fixed point fractional precision arithmetic to create the .csv file. Therefore the 

conversion factor formats it uses are different from those used by the post-processing software. 

The difference between these formats is visible in the flight header record. Where these 

differences occur, they are documented in the below table. 

Field Description 

Board ID 
The Logger’s serial number. This field should be considered 

alphanumeric. 

Flight Number 

An incrementing number. Starts at 1 when the Logger powered-on. 

Increments after every flight. (Currently not used. Instead the unique 

flight number is built into the Flight Data File name.) 
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Firmware Version Identifies the firmware version being used in the Logger. 

Format Version 
This field identifies the format of this file. If the file format changes this 

number will increment. This document is based upon version 2.0. 

Launch Time 

The time of launch is provided as the number of seconds after the Logger 

powered-on. In this example, launch was detected 4957 seconds after 

Logger power-on. 

Empty State Should always be blank. (reserved) 

IMUA LSB 

This value was used to convert raw IMU accelerometer data to g units.  

(In the .csv file, this field as an integer which needs to be divided by 

65536000 before it is used.) 

Ang Rate LSB 

This value was used to convert raw IMU gyro data to degree/second 

units. 

(In the .csv file, this field as an integer which needs to be divided by 

256000 before it is used.) 

ADC LSB 

This value was used to convert raw analog (ADXL accelerometer and 

phototransistor) data to Volts.  

(In the .csv file, this field as an integer which needs to be divided by 

65536000 before it is used.) 

us per tick This value was used to convert raw microcontroller timer data to seconds. 

us per Acl smpl 

The sensor sample rate is controlled from LSM330DLC (IMU). This 

field contains the average time between IMU accelerometer “data ready” 

indications that occurred during calibration. According to the IMU 

datasheet this period is nominally 744 microseconds. 

1st Sensor Pg The flash memory page where the beginning of this flight’s data resided. 

Num Sensor Pgs 
The number of flash pages used to hold the flight data. It does not include 

the 6-pages used for the flight header and launch detect data. 

Vbatt Battery voltage 

Tilt Entries 
The size of the tilt data circular buffer matrix. The tilt buffer is 0 to 3 

pages. 

Hdr Cksum 

Header checksum error is in indicated by an ‘E’ in this field. The field is 

empty if the checksum is valid. Depending on where in the header record 

the error occurred, a checksum error indicated in this field may mean the 

entire file is not valid.  

LD Entries The number of entries in the launch detect matrix. 

X LD Impulse 

Y LD Impulse 

Z LD Impulse 

The impulse measured on named axis at the moment launch was 

detected. The X LD Impulse, Y LD Impulse, and Z LD Impulse fields 

should be examined relative to each other.  

LD0 Cksum 

LD1 Cksum 

LD2 Cksum 

LD3 Cksum 

The checksums error status on the four pages of launch detect data. A 

checksum error is indicated by an ‘E’ in this field. The field is empty if 

the checksum is valid. If any of these fields indicate a checksum error, 

the D1 and F2 records may not be valid. 
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Calibration Records (C0 & C1): 

When the Logger is calibrated, the results of the calibration are written to the flash memory. This 

data is copied into each Flight Data File. 

 

 Field Description 

Axis Axis being calibrated. 

RIMUA_+1G Averaged raw IMU accelerometer reading when the specified axis is up.  

RIMUA_-1G 
Averaged raw IMU accelerometer reading when the specified axis is 

down. 

RADXL_+1G 
Averaged raw ADXL accelerometer reading when the specified axis is 

up. 

RADXL_-1G 
Averaged raw ADXL accelerometer reading when the specified axis is 

down. 

RIMUG 
Averaged raw IMU gyro reading when there is no rotation on specified 

axis. 

<blank> A blank column. 

IMUA_+1G 
The RIMUA_+1G field converted to g units using the nominal 

conversion number from the LSM330DLC datasheet. 

IMUA_-1G 
The RIMUA_-1G field converted to g units using the nominal conversion 

number from the LSM330DLC datasheet. 

ADXL_+1G The RADXL_+1G field as Volts applied to the analog port. 

ADXL_-1G The RADXL_-1G field as Volts applied to the analog port. 

IMUG 
The RIMUG field converted to degrees/sec units using the nominal 

conversion number from the LSM330DLC datasheet. 

 

Pad Tilt Records (D0 & D1): 

While the Logger is in Sleeping Mode, it wakes about every 8 seconds to attend to some 

housekeeping. Before it returns to sleep, it reads the IMUs accelerometers and stores the readings 

in a circular buffer. This data is useful in determining the tilt of the launch pad before launch. 

Since the most recent tilt reading may be affected by the beginning of a launch, the most recent 

tilt buffer entries are not written to this file. 
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Field Description 

Idx Circular buffer index. 

X IMUA Tilt 

Y IMUA Tilt 

Z IMUA Tilt 

IMU accelerometer reading on the indicated axis converted to g units 

using IMU datasheet nominal conversion values.  

 

Flight Data Header Record (F0): 

The Flight Data Header applies to both the Launch Detect Data Records and Flight Data 

Records. 

 

Launch Detect Data Record (F2): 

Only IMU accelerometer data is recorded during the Launch Detect State and only the most 

significant 8-bits (of 12) are recorded.  Calibration zero-bias adjustments are not applied to this 

data. 

Field Description 

IMU Status 

This field is always four hexadecimal digits and only the first two digits 

are meaningful for Launch Detect Data.  

1
st
 digit, should be zero. 2

nd
 digit, should be ‘F’.   For more detail, see the 

LSM330DLC datasheet for the definition of the STATUS_REG_A. 

Relative Time 
Time in seconds relative to the moment of Launch Detect. Since the 

Launch Detect data is recorded before the launch detect impulse 
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threshold is crossed, this time is negative with respect to the moment of 

launch detect. 

Acl IMU X Gs 

Acl IMU Y Gs 

Acl IMU Z Gs 

IMU acceleration data converted to g units. 

 

Flight Data Record (F4): 

Field Description 

IMU Status 

This field is always four hexadecimal digits and only the first two digits 

are meaningful for Launch Detect Data.  

1
st
 digit, should be zero. 2

nd
 digit, should be ‘F’. For more detail, see the 

LSM330DLC datasheet for the definition of the STATUS_REG_A.  

3
rd

 digit, should be zero. 4th digit, can vary.  This hex digit represents a 

4-bit field. The 1
st
 bit is set if any of the other 3 bits are set. 

If the 2
nd

 bit is set then new x-axis gyroscope data is present in this 

record. If not set, then the previous data is re-presented. 

If the 3
rd

 bit is set then new y-axis gyroscope data is present in this 

record. If not set, then the previous data is re-presented. 

If the 4
th

 bit is set then new z-axis gyroscope data is present in this 

record. If not set, then the previous data is re-presented. 

For more detail, see the LSM330DLC datasheet for the definition of the 

STATUS_REG_G. 

Relative Time Time in seconds relative to the moment of Launch Detect.  

Acl IMU X Gs 

Acl IMU Y Gs 

Acl IMU Z Gs 

IMU acceleration data converted to g units. This data is adjusted using 

the calibration zero-bias values. This data is not adjusted by calibration 

scaling factor. 

Acl ADXL X Gs 

Acl ADXL Y Gs 

Acl ADXL Z Gs 

IMU acceleration data converted to g units. This data is adjusted using 

the calibration zero-bias values and is scaled using the calibration scaling 

data. 

In the .xls file, if the “ADXL Scaling” Calibration Adjustment” option 

was not selected in the post-processor, then the value is displayed in 

Volts. 

Gyro X D/S 

Gyro Y D/S 

Gyro Z D/S 

IMU gyroscope data converted to deg/sec units. This data is adjusted 

using the calibration zero-bias values. 

Gyro Temp C 
IMU gyroscope temperature sensor value.  

(Not accurate. The sensor is not measuring ambient temperature.) 

Light Sensor 
Voltage reading from the light sensor circuit. ) 0 to 3.3V, lower voltages 

are darker. 

Error 

If this field is ‘E’ then the calculated checksum for this record did not 

match the recorded checksum. Rather than using the data from this 

record, post-processing software should interpolate from surrounding 

records. 
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index 

10 flight data records are recorded per flash page. The value in this field 

is the index of this record in its flash page. It is useful in tracing the data 

in this record back to the original raw data that was recorded. 
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 LED Codes Appendix C: 
There are two types of LED codes; state codes and flight readiness codes. The state codes are 

used to indicate “what the Logger is doing”. Flight readiness codes are used to communicate the 

results of the Flight Readiness Test. 

For state codes, the Red and Green LEDs are used continuously to indicate the Logger’s state. 

The Red LED will be solid ON or OFF. The Green LED will flash at a specific rate and duty 

cycle.  

Logger State Codes: 

Red LED Green LED State 

OFF 
0.1sec ON 

~8 sec OFF 
Sleeping (1% duty cycle) 

ON 
4 sec ON 

4 sec OFF 
Shell Command (0.125 Hz) 

ON 
1/2 sec ON 

1/2 sec OFF 
Launch Detect (1 Hz) 

ON 
1/8 sec ON 

1/8 sec OFF 
Flight Recording (8 Hz) 

ON 
~8 sec ON 

0.1 sec OFF 
SD Copy (99% duty cycle) 

Note that in all Logger states, the Green LED is never on or off 100% of the time. 

Flight readiness codes are distinguishable from Logger state codes, because the Red LED will 

flash. A flight readiness code is numeric and 3-digits. The code sequence begins with two red 

flashes. Then a code digit is flashed using the Green LED. The digit is obtained by counting the 

number of green flashes. A flash of the Red LED is used to separate the code digits. Three digits 

will be flashed. For example, the readiness test result of “Not ready. Logger not calibrated.” 

would be indicated by flashing the below sequence. (R=Red LED flash, G=Green LED flash.) 

 

R-R-G-G-R-G-R-G-R-R…  (may repeat) 

 

This decodes as 2 – 1 – 1. 

 

Flight Readiness Codes: 

Readiness Code Description 

1-v-t 
Ready to launch. The battery voltage is flashed in digits 2 and 3. 

e.g. 1-4-2, means ready to launch and battery voltage is 4.2 V. 

 All of the below codes mean that the Logger is not ready to launch. 

2-1-1 Logger is not calibrated. 

2-2-1 No MicroSD-card is inserted. 
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2-3-t 

The battery voltage is low. The tenths digit of the voltage is flashed in the 

3
rd

 digit position. Voltages of < 3.7 V are considered low. 

e.g. 2-3-5, means that the battery voltage is 3.5 V. 

 
The 2

nd
 and 3

rd
 digits of the below codes indicate a specific system error. 

Please report the entire code to technical support. 

3-x-y Error occurred during Logger initialization. 

4-x-y Error occurred while writing to the MicroSD-card. 

5-x-y Error occurred in the command shell. 

6-x-y Error occurred in Sleep State. 

7-x-y Error occurred in Launch Detecting State 

8-x-y Error occurred in Flight Recording State 

9-x-y A non-state related error occurred. 
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 Lithium Battery Safety Appendix D: 
This product is shipped with a 3.7V Lithium-ion Polymer (LiPo) Battery. Today, lithium-ion is 

one of the most successful and safe battery chemistries available. Two billion cells are produced 

every year. LiPo batteries are safe, providing certain precautions are met when handling, 

charging, and discharging.  

(See http://batteryuniversity.com/learn/article/lithium_ion_safety_concerns and 

http://batteryuniversity.com/learn/article/charging_lithium_ion_batteries) 

LiPo batteries have very high energy densities and are ideal for applications where mass must be 

minimized. However, one of the ways the LiPo battery achieves its low mass is that LiPo 

batteries do not have a steel exterior case. Instead, the battery electrolyte is wrapped in metal foil 

pouch. Care must be taken to prevent the deformation or puncture of the battery.  

The LiPo battery in this Logger is taped and shrink-wrapped flat against the bottom of the 

device’s printed circuit board. When the Logger is mounted on a support panel, the battery is 

protected on one side by the Logger’s printed circuit board and on the other by the panel. The 

Logger must not be used in an environment where this protection is not sufficient. 

The battery includes protection circuitry that keeps the battery voltage from going too high 

(over-charging) or low (over-use) which means that the battery will cut-out when completely 

dead at 3.0V. It will also protect against output shorts. However, even with this protection it is 

very important that you only use a LiIon/LiPoly battery charger to recharge them and at a rate of 

150mA or less. (This charging rate is typically satisfied by LiIon/LiPoly battery chargers that 

attach to a USB port.) 

3.75V is the nominal voltage of the battery. Fully charged, the battery will be about 4.2V. 

Leaving the battery at 4.2V for long periods of time will cause stress on the battery. Ideally, 

batteries should be between 3.6V and 3.9V when stored.  
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