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ABSTRACT
This application note shows how to extract IVT (current, voltage, and temperature) data logs from a drone
using the BQ40Z50-R3 battery gauge and a microcontroller for logging the data to a microSD card.
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1 Introduction
To help with the simulation of a system using real-world IVT data logs, this project uses the battery
characteristics of a drone in flight. The IVT logs can then be used later for simulations and other tests. The
Pyboard microcontroller was chosen to extract the data from the BQ40Z50 EVM battery gauge because it
can run MicroPython, it is lightweight, and is able to read data directly to a micro SD card. MicroPython
has many libraries to easily read I2C communication. Using I2C communication, the Pyboard can log the
data to a microSD card.
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2 Assembling the Drone for Testing
Some modifications need to be made to the Battery Management System (BMS) circuitry of the drone to
allow the BQ40z50 EVM to read the current, voltages, and temperature, along with any additional data.

2.1 Removing the Battery Casing
To remove the battery casing, locate the six plastic clips along the battery. After finding the approximate
location of the clips, use a flat head screw driver to pop the hinges off. Start at the forward-most hinges
and work towards the back.

Figure 1. Battery Casing Brackets

2.2 Wire Connections
The wiring can be completed a couple different ways, depending on the BMS of the product. Figure 2
depicts the easiest way to connect an external gauge to a system. In this setup, the sense resistor for the
BQ40Z50 and the existing BMS are in series. This allows both systems to run synchronously.

Figure 2. Overview of Wire Connections

2.3 Completed Setup
After the wiring is complete, the drone can be re-assembled for flight. A small plastic box, or other
shielding, can help protect the electronics in case of a fall.

http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUA981


www.ti.com Assembling the Drone for Testing

3SLUA981–July 2019
Submit Documentation Feedback

Copyright © 2019, Texas Instruments Incorporated

Collecting IVT Data for Testing

Figure 3. Completed Drone Setup
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3 I2C Interface Between the Microcontroller and the BQ40Z50 EVM
To log the IVT data and any other data, the microcontroller must use the addresses provided in the
Technical Reference Manual (TRM) for the battery gauge used. Most single-cell gauges use the I2C
address of 0xAA for 8-bit addresses, while most multi-cell gauges use the address 0x16 for 8-bit
addresses. In this application, the I2C address is 0x0B because the MicroPython I2C communication
library uses 7-bit addressing. The command to retrieve voltage information from data memory is 0x71
(Figure 4), 0x72 for temperature information (Figure 5), and 0x0A for the current (Figure 6).

The block commands, 0x71 and 0x72, have a size designator as the first byte, which needs to be
discarded. The ManufacturerAccess() block commands are up to 32 bytes long to access the correct
value after the byte string needs to be unpacked. To do this, a MicroPython library struct is used. The
bytes are unpacked into a list to get the desired value the correct list designator needs to be chosen. The
"<" signifies little endian, "H" is signed short, and "h" is unsigned short.

3.1 Gathering Voltage Data
The most important voltages for collecting data are the cell voltages and the pack voltage. The pack
voltage is the voltage the load is seeing. In order to get the desired voltages out of the block command,
certain bytes of data must be ignored. The first byte of the ManufacturingAccess() voltage block command
is the size designator, which needs to be discarded.

Figure 4. Voltage Byte Addresses for BQ40Z50-R3

3.2 Gathering Temperature Data
The temperature block command is very similar to the voltage command. The beginning bit is discarded
and the desired thermistor temperature can be chosen in the data logging code in Figure 8. If the
thermistor of interest is TS1, the list index is 2.

http://www.ti.com
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Figure 5. Temperature Byte Addresses for BQ40Z50-R3

3.3 Gathering the Current Data
The current data is the easiest to access, as seen in Figure 8. The current is only one unsigned byte, thus
it does not require the size designator byte to be discarded like the block commands.

Figure 6. Current Byte Address for BQ40Z50-R3
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4 MicroPython Scripts
The Pyboard uses two main scripts to collect data, the boot.py script and the data logging script,
DroneSMB.py. This code can be interpreted as pseudo-code for microcontrollers other than the Pyboard.

4.1 The Boot Script
The boot.py script starts upon power up, or after the reset button has been pressed. In boot.py, the user is
given the option to enter the data logging script by pressing the user button or, if no button is pressed, the
Pyboard enters the script to read the SD card. If the user button is pressed, the Pyboard enters data
logging mode.

Figure 7. Boot Script

4.2 The Data Logging Script
The data logging script opens a .csv file on the SD card and begins logging data. The script uses a
combination of the onboard LEDs to indicate what section of the script the microcontroller is running and
the push button for changing to the next part of the script. Data is logged every second because the data
registers are updated every second. Anything faster can lead to redundant data.

Figure 8. Data Logging Script

http://www.ti.com
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5 Data Collected
In addition to collecting the IVT data, some additional data was collected. A learning cycle was completed
for the BQ40Z50 gauge to learn the exact characteristics of the batteries. The following were collected:
• Relative State of Charge (RSOC)
• True Full Charge Capacity (FCC)
• True Remaining Capacity
• Depth of Discharge (DOD) Passed Capacity

5.1 IVT Data
The discharge lasts approximately 18 minutes. The SOC begins at 100% and the flight ends at 10%, as
reported by the BMS of the drone.

The current draw of the drone slowly increases to maintain constant power as the pack voltage begins to
drop. The extreme spikes in the current and voltage are from either wind gusts or from flying the drone to
different locations.

Figure 9. IVT Discharge Data

5.2 Additional Data
The additional data collected shows how the gauge reacts under a real load after completing a learning
cycle. As can be seen in the RSOC graph, the gauge shows a smooth decline over the entire flight. The
gauge is also able to predict the rest capacity that is regained after a discharge. True FCC changes
quickly during discharge because of the increased current. The high current draw increases the IR losses
within the battery. As the IR losses increase, the temperature also increases, further lowering the voltage
curve of the battery during discharge. This means that the battery hits terminate voltage quicker than at a
lower current draw, leading to a lower usable battery capacity.

http://www.ti.com
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Figure 10. Additional Data Graphs
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6 References
• I2C Communication with MicroPython, class I2C – a two-wire serial protocol

(https://docs.micropython.org/en/latest/library/pyb.I2C.html#pyb-i2c)
• Logging Data to SD Card with MicroPython, SDdatalogger (http://wiki.micropython.org/SDdatalogger)
• Converting Bytes Into Usable Data, Interpret Strings as Packed Binary Data

(https://docs.python.org/2/library/struct.html)
• Texas Instruments, BQ40z50-R3 Technical Reference (SLUUBU5)

http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUA981
https://docs.micropython.org/en/latest/library/pyb.I2C.html#pyb-i2c
http://wiki.micropython.org/SDdatalogger
https://docs.python.org/2/library/struct.html
http://www.ti.com/lit/pdf/SLUUBU5


IMPORTANT NOTICE AND DISCLAIMER
TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE 
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS” 
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY 
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD 
PARTY INTELLECTUAL PROPERTY RIGHTS.
These resources are intended for skilled developers designing with TI products. You are solely responsible for (1) selecting the appropriate 
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable 
standards, and any other safety, security, regulatory or other requirements.
These resources are subject to change without notice. TI grants you permission to use these resources only for development of an 
application that uses the TI products described in the resource. Other reproduction and display of these resources is prohibited. No license 
is granted to any other TI intellectual property right or to any third party intellectual property right. TI disclaims responsibility for, and you 
will fully indemnify TI and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these 
resources.
TI’s products are provided subject to TI’s Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with 
such TI products. TI’s provision of these resources does not expand or otherwise alter TI’s applicable warranties or warranty disclaimers for 
TI products.
TI objects to and rejects any additional or different terms you may have proposed. IMPORTANT NOTICE

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2022, Texas Instruments Incorporated

https://www.ti.com/legal/termsofsale.html
https://www.ti.com

	Collecting IVT Data for Testing
	1 Introduction
	2 Assembling the Drone for Testing
	2.1 Removing the Battery Casing
	2.2 Wire Connections
	2.3 Completed Setup

	3 I2C Interface Between the Microcontroller and the BQ40Z50 EVM
	3.1 Gathering Voltage Data
	3.2 Gathering Temperature Data
	3.3 Gathering the Current Data

	4 MicroPython Scripts
	4.1 The Boot Script
	4.2 The Data Logging Script

	5 Data Collected
	5.1 IVT Data
	5.2 Additional Data

	6 References

	Important Notice

