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1. INTRODUCTION

The Open Energy Profiler Toolset (OpenEPT) is a powerful tool designed to support energy-aware
development workflows by providing high-speed voltage and current measurement, along with the ability
to generate arbitrary current profiles. With sampling rates of up to 1 MSps per channel and precise control
capabilities, the system enables developers to accurately monitor, analyze, and optimize the power behavior
of battery-powered and low-power embedded systems. This is particularly valuable for tasks such as battery
profiling, power consumption optimization, and real-time energy debugging. By seamlessly integrating both
data acquisition and controlled signal generation into a single, unified hardware module, OpenEPT serves
as an indispensable tool for the design, validation, and optimization of modern embedded applications.

This documentation serves as a comprehensive technical guide for understanding, setting up, and
fully utilizing the OpenEPT system from a user's perspective. It provides detailed instructions on hardware
setup for first-time use, an in-depth overview of the graphical user interface (GUI), and step-by-step
explanations on configuring workspaces and defining acquisition parameters. Users will also find guidance
on configuring the EPP device, adjusting ADC settings, tuning performance parameters, and interpreting
measurement results effectively. The GUI is designed to offer flexibility and modularity, supporting various
hardware configurations and allowing customization of sampling periods, packet collection strategies, and
plotting parameters to balance system performance and resource utilization.

Special emphasis is placed on real-time monitoring and data visualization. For example, the Track
Last Samples feature enables live tracking of incoming data, which is essential for immediate system
feedback but should be disabled for detailed data analysis such as zooming or panning. The system is capable
of streaming data at up to 2 MSps (32 Mbps total), with raw data transmission over Ethernet ensuring high
fidelity. However, plotting and storing such high volumes of data can place significant demands on CPU
and memory resources, making careful tuning of parameters such as sampling period (TS), number of
packets (P), and number of samples per packet (IN) crucial for optimal performance.

Based on extensive testing on modern laptops (e.g., machines equipped with 11th generation Intel
Core i-series processors, 32 GB of RAM, and 100 Mbps Ethernet), it has been shown that resource
utilization is highly dependent on the chosen sampling rate and system configuration. Users are encouraged
to monitor system load and adjust these parameters to ensure stable and efficient operation.

In addition to component-level descriptions, this documentation includes a dedicated section on
Typical Use Cases, illustrating practical, step-by-step workflows that integrate all aspects of the system.
These scenarios are designed to help users transition from understanding individual features to confidently
applying them in real-world tasks. By following these guided examples, both novice and experienced users
can maximize the capabilities of the OpenEPT system, ensuring reliable data acquisition, efficient analysis,
and effective optimization of their devices.

Ultimately, this documentation aims to bridge the gap between theoretical configuration and hands-
on usage, empowering users to fully leverage the advanced functionalities of OpenEPT in their development
and research projects.
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2. SETUP HARDWARE

The equipment required to connect OpenEPT EPP Schield board with host machine is presented on
Figure 2.1.

NUCLEO-H75521-Q r'
NUH755ZIQSAT3 |

Figure 2.1 - Hardware components

Components presented on Figure 2.1 are:

(C-1) USB Cable Type A to Mini USB — Used to power OpenEPT EPP Shield board

(C-2) USB Cable Type A to Micro B — Used to connect Nucleo-H755Z1Q board with Host machine
for programming

(C-3) LAN Cable — To connect Nucleo-H755Z1Q board with Host machine for data stream

(B-1) OpenEPT EPP Schield board and Nucleo-H755Z1Q development board.
Instead of a Schield board, Full board can be used

(B-2) Nucleo-H755Z1IQ Development board

Following steps are required to make board fully operational:

Step 1: Connect OpenEPT EPP Schield board with Nucleo Board
Connect OpenEPT EPP Schield Board (5) with Nucleo Board (4) as it is illustrated on Figure 2.2.
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Figure .2 - Connect OpenEPT EPP Schield Board with Nucleo Board

Once the boards are connected, the top view of the OpenEPT EPP board appears as shown in the
Figure 2.3.

=S e

e e s oM

Figure 2.3 - Top VieWQ)f Ithe OpenEPT EPP board highligh:ciri key C(;fnponents.
Name of the key components of the OpenEPT EPP board are listed in Table 2.1.

Table 2.1 - OpenEPT EPP Board's Components

Nucleo USB Connector (
Charger connector
Battery connectors
Load and Charger Ground

5V Power Supply
RJ45 Connector
Energy Debugging Interface
7
|

Load connector

ADC Test Points
ADC Selector: Int or Ext ( )
Power su indicators

Power supply selector: 5V ( )or 12V
Protection and switches status

Step 2: Connect OpenEPT board with Host machine

Take the Micro-B connector of the USB cable (C-2) shown in Figure 2.1 and connect it to the C2
connector on the OpenEPT EPP board, as illustrated in Figure 2.4. Then, connect the other end of the cable
to your PC. This cable will be used to program the STM32 Nucleo board and to monitor logs sent from the
OpenEPT EPP board.
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Figure 2.4 - OpenEPT EPP Board with connected cable for programming STM Nucleo board

Step 3: Obtain the latest firmware binary

Visit the official project website, navigate to the Download section, and click the download button
to obtain the latest OpenEPT EPP firmware binary.

Home  Blogs  News  Materials  Download  About  Projed

Open Toolset

DRIVE INNOVATIONS IN THE FIELD OF LOW /i "ECHNOLOGIES

Access the latest OpenEPT EPP firmware package, which includes the Fw. srec binary for inmediate flashing, comprehensive Doxygen-generated HT)

Partners
documentation detailing all firmware components and architecture, and integration support with the OpenERT GUI. This release enables high-speeg

current sampling, energy profiling, real-ime streaming over Ethemet, and secure firmware updates, providing a complete foundation for advanced e £
embedded system development. ‘

Firmware for Energy Profiler Probe
Description Version Date Download ( J

ninet

Latest Firmware for Energy Profiler Probe 100 03. July 2025
FOUNDATION

Download the latest OpenEPT GUI application, designed to interface with the OpenEPT EPP firmware and hardware. This versatile cross-platform tool enables
real-time voltage and current visualization, energy profiling, dynamic load control, and secure device configuration. It supports high-speed data acquisition over

Fthamet advanced Innninn and intanrafinn with firmware_leuel faaturas nrovidinn devslaners with 2 nowerfil snvirnment far analsinn and anfimizinn o

Figure 2.5 - Page for downloading the OpenEPT EPP firmware binary

After clicking the Download button, you will be redirected to the GitHub Releases page, where you
can download the OpenEPT Fw_<latest version>.srec binary file.

= O OpenEPT / Firmware

ssues [ Pullrequests () Actions [ Projects [ Wiki () Security |~ Insights

Compare ~

Initial Release
#R turkm
This is the initial release of the OpenEPT Firmware designed for the Energy Profiler Probe (EPP). This release includes the Fw.srec” binary file containing

the latest firmwa#* " "or download, as well as Doxygen-generated HTML documentation that provides detailed firmware API and architecture
descriptions. M ion about the firmware functionalities, supported features, and usage can be found at under the Software tab on

the official proje -

v Assets 4

Figure 2.6 - Latest OpenEPT EPP Firmware release on GitHub

Step 4: Flash the firmware onto the STM32 board using STM32CubeProgrammer
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After connecting the OpenEPT EPP board to your PC, open the STM32CubeProgrammer
application. In STM32CubeProgrammer, click Connect to establish a connection with the OpenEPT EPP

board (1 in Figure 2.7).

[#] STM32CubeProgrammer

o @ Data Information Notice

Memory & File editing

{

Address | 0x08000000 | ¥ | Size | 0x400 Data width | 32-bit ~ | Find Data 0x

No data to display

Log Live Update  Verbosity level (@) 1 2

15:52:42; Address  :0xB000000 Target information
15:5242 : Read progress:

15:5242 : Time elapsed during the read operation is: 00:00:00.003
15:52:49 : Memory Programming ..

15:52:49 : Opening and parsing file: ADFirmware_CMT.srec
15:52:49 ;. Fil; D M7 er

Figure 2.7 - STM32Cube Programmer after start

Once the connection is successfully established, click the button on the left side of the window to
navigate to the page for erasing and programming the flash memory of the OpenEPT EPP’s STM32 Nucleo
board (1 in Figure 2.8).

'm STM32CubeProgrammer — [m] x
@ oatz nformationvotice (19 ] ) ¥ X ‘y’

@ Connected

> | Size | 0x400 Data width | 32-bit ~ | Find Data 0x

0 4 8 c ASCII
0x08000000 24080000 08035200 08014E7B 08014E81 L5.RLINLLLNL .
0x08000010 08014E87 08014E8D 08014E93 00000000 olscollocolloscoss
0x08000020 00000000 00000000 00000000 08024901 [RRR )

0x08000030 08014E99 00000000 08024C21 08021059 ooeoaoollosooo
0x08000040 08035250 0803525D 0803525D 0803525D IR..IR.LIR.LIR. .
0x08000050 0803525D 08035250 08015075 0801508D JR..IR..uP...P..

0x08000060 08015098 080150A9 08015087 080131C5 WPL.BP.L-PLLALL L

0x08000070 08011F39 0803525D 0803525D 080159F1 9...JR..IR..AY. .
0x08000080 08015A05 0803525D 0803525D 0803525D 2Z.JROVIRLCUIRL .

0x0NR000090 0803525n 0803525N 08035250 08014FCS JR..IR..IR. .AD. .

Log Live Update  Verbosity level (@) 1 2

3
16:30:32 : UPLOADING ..
163032 Size  :1024Bytes &
163032 Address ;038000000 B

16:30:32 : Read progress:

16:30:32 : Time elapsed during the read operation is: 00:00:00.002

Figure 2.8 - STM32CubeProgrammer after connection with the board is established

As the first step in the erasing and programming process, perform a full chip erase (1 in Figure 2.9).
This is important to ensure that all bits in the flash memory are set to their default values before
programming. Once the erase is complete, click the Browse (2 in Figure 2.9) button and navigate to the
previously downloaded .srec file. Finally, start programming the board by clicking the Start Programming
button (3 in Figure 2.9).




USER GUIDE

- 0o x
.l Eo v x Ay

@ Connected

[Z] sTM32CubeProgrammer

@ pata information N

ST-LINK -
Erase flash memory'| Erase external mer,
File path A
P (=2 Erase selected sectors | Full chip erase

Start address

_ | | Select Index StartAddress  Size
|| skip flash erase before programming — o 0X03000000 —

Verify programming \:\ Full Flash memory checksum 0x08020000 128K

| Run after programming 0x08040000 128K

008060000 128K

Start Programming

0x08080000 128K

Automatic Mode
Full chip erase

[ ownload file

0x080A0000 128K

0x080C0000 128K

N e v e woN o

0XDROFOOND. 128K~

Log Live Update  Verbosity level (@) 1 2

16:30:32 : UPLOADING ...
16:30:32: Size 1024 Bytes
16:30:32: Address  :0x8000000
16:30:32 : Read progress:

16:30:32 : Time elapsed during the read operation is: 00:00:00.002

100%

Figure 2.9 - Erase and programming

After programming is successfully completed, click the Disconnect button (4 in Figure 2.9) and
unplug the USB cable from (C-2) the PC. Once this is done, you are ready to proceed to the next step.

Step 5: Power on OpenEPT Schield board, Connect LAN cable and Reset MCU
After board is successfully programmed, connect:

1. Connect OpenEPT EPP Nucleo Board with PC via USB cable (C-2) (see Figure 2.1) connected
to C2 (see Figure 2.3)

2. Power OpenEPT EPP Schield Board with USB cable (C-1) (see Figure 2.1) connected to C1 (see
Figure 2.3)

3. Connect LAN cable (C-3) (see Figure 2.1) to OpenEPT EPP Nucleo Board C3 Connector (see
Figure 2.3)

4. [Optional] Open Serial Terminal and connect to STLink COM port. Communication parameters
are: 115200-8N1

5. Reset OpenEPT board (1 in Figure 2.10)

b 5 o e ol el

Figure 2.10 - OpenEPT EPP Board after all cables are connected 7

After the board is reset and all cables are connected as shown in Figure 2.10, the device begins
sending messages indicating the initialization status of its services (refer to the Firmware Developer Guide
for more details).
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" 3
o1 HTerm 0.8.9 - m] X
File Options View Help
Disconnect PDr't|COM4 v|R Baud‘HSZDD v‘ Data 8 ~ Stop 1 ~ Parity None ~ [JCTS Flow control
i E a i . Show newline
Rx 6147 Reset - Tx 0 Reset : Count O = 0 Reset | Newline at CR+LF a
. i S—— : characters
" . . E a |7 Newline evel o] |#
Clear received |: @ Ascii (JHex [JDec (JBin Save output * : [ JClearat 0 & charactersry = 8 Autoscroll [] Show error
Sequence Overvisw X || Received Data
1 5 10 15 20 25 30 35 10 45 50 55 &0 &5 70 75
System: Logging service successfully initializeduww
System: Energy debugger service successfully initializeduw
Energy Debugger: Energy Debugger service startedwuw
Energy point service: Energy point service successfully initializeduww
NHetwork: Network service startedww
System: Network service successfully initializeduww
Control Service: Control Service starteduww
Control Service: TCP connection successfully createdww
Control Service: TCP Connection successfully bound to port 5000uww
System: Control service successfully initializedww
System: Samples Stream service successfully initializeduw
Control Service: Wait for new connection on port 5000w
DPControl: Load successfully disableduw
DEControl: Battery successfully enableduww
DPControl: Power Path successfully enableduw
DPControl [WARNNING]: Under voltage protection is activewuw
DEControl: Discharge Profile Control service successfully initializeduw
System: Discharge Profile Control service successfully initializedww
Network interface added - Info:uw
- IF w: 152.16€8.1.110ww
- MASKw: 255.255.255.0ww
- Gatewayw: 192.168.1
Hetwork interface upww
Selection (328:1950) 1623 - Timediff 14:34:26.518.192
Input control x
Clear transmitted - @ Ascii (JHex (JDec (J)Bin Send on enter None ~ Send file DTR RTS
Type ASC ~ I \ Autosend
Transmitted data x
1 s 10 15 20 25 30 35 10 45 50 55 €0 €5 70 75
Selection (-)
History -/0/30 Connected to COM4 (b:115200 d:8 s:1 p:None)

Figure 2.11 - Log messages after successful startup of the OpenEPT device

If the device is successfully flashed, all drivers and services are properly initialized, and it is ready
for use, two blue LEDs on the board will turn on, as shown in the Figure 2.12.
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Figure 2.12 - The two blue LEDs indicate that the OpenEPT EPP is ready for use.
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3. GRAPHICAL USER INTERFACE

3.1. Download and run
Visit the official project website, navigate to the Download section, and click the download button

to obtain the latest OpenEPT GUI application installer.

Open Toolset

DRIVE INNOVATIONS IN THE FIELD OF LOW-POWER TECHNOLOGIES

Access the latest OpenEPT EPP firmware package, which includes the Fw.srec binary for immediate flashing, comprehensive Doxygen-generated HTML Partners

decumentation detailing all firmware components and architecture, and integration support with the OpenEPT GUI. This release enables high-speed veitage and
current sampling, energy profiling, real-time streaming over Ethemet, and secure firmware updates, providing a complete foundation for advanced energy-aware
embedded system development. (J

Firmware for Energy Profiler Probe
Description Version Date @

Latest Firmware for Energy Profiler Probe 1.00 03 July 2025 I l
Download the latest OpenEPT GUI application, designed to interface with the OpenEPT EPP firmware and hardware. This vej tool enables n n e

real-time voltage and current visualization, energy profiling, dynamic load control, and secure device configuration. It Supports sitioggover FOUNDATION
Ethemet, advanced logging, and integration with firmware-level features, providing developers with a powerful environment for -
power embedded systems.

Graphical User Interface - Windows OS
R g e
Latest Graphical User Interface Application for Windows OS 1.00 03. July 2025

Figure 3.1 - Page for downloading the OpenEPT GUI Installation

After clicking the download button, you will be redirected to the GitHub Releases page, where you
can download the OpenEPT GUI v<latest version>_Install.exe installer file.

Compare ~

Initial Release

R turkmar

This is the initial release of the OpenEPT Graphical User Interface, designed to control the Energy Profiler Probe (EPP) and visualize sampled data. This release includes
the OpenEPT_GUI_v1_0_0_InstalLexe installer binary. More information about the software functionalities, supported features, and usage can be found on the

page under the Software tab on the official project

v Assets 3

Figure 3.2 - Latest OpenEPT GUI release on GitHub

After installer is downloaded, you can run it and install OpenEPT GUI Application by following
installation steps.

3.2. Define Workspace

When the OpenEPT GUI application is launched, the first window that appears prompts the user to
specify the workspace path. The layout of this window is shown in Figure 3.3.

|

8 Select working directory 7 X

Select wrokspace directory

e

| | &
Cancel

Figure 3.3 - Workspace directory selection

11
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Within this window, the user can either manually enter the working directory path (1) or select it by
clicking the directory selection button (2). When the workspace is defined, the user can proceed to the main
application by clicking OK.

the
cu the
wo.
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3.3. Add New Device

A new device can be added by clicking the symbol ) in the main OpenEPT GUI application, as
shown in Figure 3.4.

u Open EPT - MCU Energy profiler

—
®.|ﬂ

Figure 3.4 - OpenEPT's main GUI layout without added device

After clicking the symbol ) in the main OpenEPT GUI application (1 in Figure 3.4), new dialog is
opened (Figure 3.5) where we should enter device IP address and port for communication. The default IP
address for the EPP device is 192.168.1.100, and the default port is 5000 (see [2] for instructions on how to
change the IP address and compile a new raw binary).

-

Open EPT - MCU Energy profiler

_
@.lﬂ

8 rom

Ip Address: 192.168.1.110

Port number: 5000

Close Add device

Figure 3.5 — Add Device Dialog
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After entering the device IP address (1 in Figure 3.5), the user can add the new device by clicking
Add Device (2 in Figure 3.5). If the device is added successfully, a dialog window stating "Device
successfully added" will appear, as shown in Figure 3.6.

(SN [ECR (=~

Voltage filtered Device
Stream from ADC
Sampling Period [us] 0
ADC(Int) Resolution

[ OpenEPT x
e

Device sucessfully added

System

Samples stream server interface

Figure 3.6 - Device is successfully added
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3.4. Device Control

Device control is managed through the Device Window, shown in Figure 3.7, which is created after
a device is successfully added. This window consists of three main sections:

1) Plot

Includes Voltage, Current and Consumption plotting.
2) Log

Presents messages from EPP or GUI
3) Configuration

Includes all options used to configure device

Voltage Voltage filtered Device
Stream from ADC Int -
Sampling Period [us] 1000
+ 4 ADC(Int) Resolution 16 ~
ADC(Int) Sample time 25 v
: o 3 ADC(Int) Clock div. 1
= = Advance options I
2 2
System
| (=
Samples stream server interface
f B
<wireless_32768>192.1
Consumption ty
aa 1 2 3 4 aa 1 2 3 4 5| 02
) ]
Measurement type
O Current
Spectrum
Max Num of Packets 100
s
Samples No 250
B Enable EP o
Save tofile o
R Consumption profile name
= Set
£
2 Load control &
Calibration
]
1 Console B
Real Time Statistics ul
%o i > 3 5 5 > o =) (9]
Drop rate 0% Recieved packet counter: 0 Sampling time [ms]: 0.000138 Sampling period [us] 10 uisition Duration 00:00:00
[Application] [17-16:43]-Average ratio scuessfully obtained

Figure 3.7 - Device Window




USER GUIDE

3.4.1. Plot

The plot section consists of three subwindows: Voltage, Current, and Consumption. The Voltage
subwindow displays samples acquired from the EPP's voltage channel, expressed in volts. The Current
subwindow shows samples from the EPP's current channel, expressed in milliamperes (mA). The
Consumption subwindow presents values calculated from the voltage and current data, representing the
system's consumption.

Each subwindow shares the same layout, as shown in Figure 3.8. It consists of two main sections:
(1) the plot control section and (2) the graphical display section. The graphical section displays the samples,
while the control section is used to manage the plot. The available controls (listed from top to bottom)
include:

- ZumIn &

- Zum Out &

- Expand graph to show all sampled values «*
- Select specific part of the graph i
- Move graph &

- Track last samples [~

Voltage

Figure 3.8 - Plot subwindow

The Track Last Samples |~ control enables or disables all other plot controls. When this option is
active (Figure 3.9-a), it allows real-time monitoring and live visualization of incoming samples. However,
if the user wants to analyse the data using features such as Zoom in, Zoom out, and other navigation tools,
the track option should be disabled (Figure 3.9-b).

Voltage Voltage

3455

= 3454

Figure 3.9 - Plot subwindow with a) enabled tracking option; b) disabled tracking option
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3.4.2. Log

The Log section displays all activities relevant to the user that occur during program execution.
There are two sources of messages: Application and Device. When the source is Application, the message
is generated by the GUI itself, whereas messages from Device represent asynchronous notifications sent
from the EPP. Both sources support three message levels: Info, Warning, and Error. Info messages provide
general information, Warning messages indicate issues that do not affect software execution, and Error
messages are critical and can be fatal to program operation. Each message type has its own text and
background colour for clear identification. Figure 3.10 illustrates a typical example of the Log section after
the device has been connected and configured.

Application] [16:00:42]:Ep link { port=8000 ) sucessfully created:
Application] [16:00:42]:Sampling time sucessfully obained and presented
Application] [16:00:42]:Load state sucessfully obained and presented
Application] [16:00:42]:Load current sucessfully obained and presented
[Application] [16:00:42]:Battery state sucessfully obained and presented
Figure 3.10 - Log window

—
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3.4.3. Configuration

The Configuration section is used to set up the EPP device and acquisition parameters within the
GUI application. The layout of this section is shown in Figure 3.11, and its main options are described in
Table 3.1.

colour

Device
Stream from ADC Ext ~
Sampling Period [us] 1000
ADC(Int) Resolution 16 w
ADC(Int) Sample time 2C5 w
ADC(Int) Clock div 1 w
Advance options &t

System

Samples stream server interface

<ethernet_32776:=:192.168.56.1

O Cumulative
Consumption type
O Current
Voltage
Measurement type
Current
Max Mum of Packets 100
Samples No 250
Enable EP a
Save to file O

Consumption profile name

Set
Load control &
Calibration @
Console E
Real Time Statistics ll
» O O O
Connected

Figure 3.11 - Configuration section

Table 3.1 - Configuration Options

Name Value Description
Stream from ADC , Ext Selects whether to use the internal or external

ADC for acquisition.
Specifies the sampling period, expressed in
microseconds.
ADC (int) Resolution 10, 12, 14, 16 Sets the resolution of the internal ADC.

Sampling period [1, x] (us)

ADC (int) Sample time Defines the sample time for the internal ADC.

! The internal ADC is intended solely for development purposes and is not meant to be used during regular operation.

18
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2,4,8, 16, 32, 64, 128,

ADC (int) Clock div 256. 512 Sets the clock divider for the internal ADC.
Advanced Options
Sample stream server One of the detected Sel§ cts wh1§: h Ethernet 1nt‘erface on the hos?
. . machine running the GUI will be used to receive
interface Ethernet interfaces

the sample data.
When Current is selected, only P x N samples
(where P is the number of packets and N the
number of samples per packet) of either voltage
Consumption Type , Cumulative or current (as defined by Measurement Type) are
displayed without logging all data over time.
When Cumulative is selected, all samples over
time are logged.
If Current is chosen as the consumption type, this

Measurement Type Voltage, Current option specifies which channel's samples will be
presented.
Max Num of Packets (1, P] Defines the number of stream Fiata packets to
collect before plotting.
Specifies the number of samples per channel
Samples No L1, N] contained in a single stream data packet.
Enable EP Checked, Unchecked Enables or disables the Energy Point feature.
Save to file Checked, Unchecked Determines whether th;1 1deata should be saved to a
Defines the name of the consumption profile.
. This name will be used to create a corresponding
Consumption profile .
name folder in the workspace path, where voltage,

current, consumption, and other acquisition-
related data will be stored.

Load control Provides options for controlling the load.
Calibration Opens calibration settings.
Provides access to the console for advanced
Console
commands and logs.
Real-Time Statistics Displays live statlstlf:ql '1nf0rmat10n during
acquisition.

2 Current consumption type is intended solely for development purposes and is not meant to be used during regular

operation.
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3.4.3.1. Network interfaces

On the host machine running the GUI application, multiple Ethernet-based communication
interfaces may exist (for example, LAN and Wi-Fi). Therefore, one of the first steps required is to select the
interface that will be used to receive sampled data from the EPP device. Figure 3.12 illustrates the interface
selection process.

Sampling Period [us] 0
ADC(Int) Resolution

ADC(Int) Sample time

ADC(Int) Clock div

Advance options

System

Samples stream semver interface

<ethemet_32776>:192.168.56.1
5 <wireless_32766>:192.168.1.101
<loopback_0>:127.0.0.1

O votage
Measurement type

O Current
Max Mum of Packets 100
Samples No 250

Enable EP

Figure 3.12 - Interface selection
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3.4.3.2.  Sampling period, Number of Packets and Samples No

The EPP is capable of streaming data at 2 MSps, which corresponds to approximately 32 Mbps (each
channel acquires data at 1 MSps, with each sample being 16 bits). The data are streamed in raw format,
meaning that the 32 Mbps bandwidth is maintained over Ethernet and received at the same rate on the host
side. Data from both channels are organized in data stream packets which maximal size is 500 samples (250
samples per channel).

Receiving and processing this data is not a heavy load for modern CPUs. However, plotting and
storing such large amounts of data can pose a significant burden on most CPUs. The CPU load caused by
plotting depends primarily on the refresh rate and the amount of data visualized in each update cycle.
Meanwhile, RAM usage over time is determined by both the sampling rate and the duration of the
acquisition session.

To make the application modular and adaptable to different hardware configurations, three
configurable parameters are provided:

- Sampling period (Ts)
Minimal value is 1uS

- Number of stream data packets collected before plotting (P)
Minimal value is 1

- Number of samples per stream data packet (N)
Maximal value is 250

If Ts is small, both P and N should be set to higher values. For example, N can be set to a maximum
of 250, while P should be adjusted to minimize CPU load (this can be done by monitoring CPU usage in
Task Manager or similar tools, running a short acquisition, and fine-tuning the parameter). On the other
hand, if Ts is large, N should be set to its minimum value of 1, and P should be adjusted to achieve an

acceptable real-time plot update interval.
We have already performed tuning on our laptop, which is equipped with an 11™ generation Intel
Core i-series processor (4 cores, 2.8 GHz), 32 GB of DDR memory, and a 100 Mbps Ethernet connection.

The results are summarized in Table 3.2.

Table 3.2 - CPU, RAM and Network utilization overview for typical Ts, N and P values

Sampling Period [uS] P N | CPU[%] RAM [MB] Network [Mbps]
1000000 1 1 <1.5 50MB < 0.1 Mbps
1000000 10 1 <15 50 MB < 0.1 Mbps

1000 1 250 <15 50MB < 0.1 Mbps
1000 10 250 <15 50MB < 0.1 Mbps
1000 25 250 <15 50MB < 0.1 Mbps
1000 25 250 <1.5 50MB < 0.1 Mbps
1000 25 100 <15 50MB < 0.1 Mbps
1000 25 10 <1.5 50MB < 0.1 Mbps
10 100 250 8 523MB 3.3 Mbps
10 200 250 6 523MB 3.3 Mbps
10 500 250 5 523MB 3.3 Mbps
1 100 250 >33% >1.5GB 33.3 Mbps
1 200 250 >33% >1.5GB 33.3 Mbps
1 500 250 >33% >1.5GB 33.3 Mbps

Based on results presented in Table 3.3, it is evident that resource utilization on our machine is
strongly influenced by the selected sampling rate. Additionally, our machine was unable to sustain long
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acquisition sessions when a small sampling period was chosen, as resource usage, especially CPU load,
became extremely high.
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3.4.3.3.  Consumption profile name

During acquisition, beside real-time plotting of data there is an option to save data into corresponding
files. Data are saved on a path defined with <workspace path>/<consumption_profile name>.
<workspace _path> is defined within a first window started after GUI application is run (see Define
Workspace), while <consumption profile_name> is possible to be defined inside Control section of Device
Window as it is presented on Figure 3.13.

Save to file ﬂ@
Consumption profile name
m DischargeTest] Sat Q

Figure 3.13 - Configure consumption profile name.

Therefore, as the first step, the ""Save to file" option must be checked (1 in Figure 3.13), which will
enable the "Consumption profile name" input field. In this field, the user should enter the desired
consumption profile name (2 in Figure 3.13) and confirm it by clicking the Set button (3 in Figure 3.13). If
the Consumption profile name is configured, inside Log will be printed message as it is presented on Figure
3.14.

[Application] [16:00:44]:ADC Device successfully changed

[Application] [16:00:48]:-Max number of samples buffers sucessfully configured

[Application] [16:00:49]):Max number of samples buffers sucessfully configured

[[Application] [16:01:01]:Directory for new consumption profile DischargeTest succesfully created |

Figure 3.14 - Log after consumption profile name is set

When acquisition end and "Save to file" option was enabled, on path defined with
<workspace path>/<consumption profile name> will be located 4 files which description is presented in

Table 3.4.
Table 3.4 - Files created for consumption profile
Name of the file Content
VC.CSV Voltage and Current samples
ep.csv Energy Point samples
cons.csv Consumption samples

OpenEPT.txt Acquisition related information
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3.4.3.4. Acquisition control and network status
Acquisition control buttons are located at the bottom of the Control section of the Device window.
Below acquisition control is located “Connection status” label which is green when device is connected and

red when device is disconnected. These buttons with “Connection status” label are presented on Figure
3.15.

» O O O
Connected

Figure 3.15 - Acquisition control and Connection status

Acquisition control buttons are:

- Start acquisition P

- Pause acquisition o

- Stop acquisition &

- Acquire parameters O

The Start Acquisition button is used to send the "Start Acquisition" command to the EPP device,
after which it begins transmitting voltage and current samples over Ethernet. The Pause Acquisition and
Stop Acquisition buttons both halt the current acquisition; however, unlike Stop, the Pause function does
not clear the plot buffers, allowing the user to resume without losing existing data.
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3.4.3.5. Console

All actions that depend on the EPP board are executed by sending ASCII-based commands to the
board. These commands are encapsulated in Command messages, which are transmitted over the TCP stack
to the EPP device. In the GUI application, all commands are automatically generated and sent to the EPP
board in response to specific user actions — for example, when the Start Acquisition or Stop Acquisition
buttons are pressed, or when querying the current protection status.

However, in the Console Window (shown on Figure 3.16), which can be opened by clicking the
Console button Bl in the Control section of the Device window, it is possible to send raw control messages
directly to the device and view their responses.

The Console Window is divided into two main sections: the command line (1) and the command log

).

- The command line allows users to manually enter specific commands. Commands can be sent
by clicking the Send button or pressing the Enter key. This input field supports autocomplete,
and previous commands can be browsed using the up and down arrow keys.

- The command log displays all commands sent from the GUI as well as the responses received
from the EPP device.

B Console - X
Ented command Send

[ @

Console]
ACDevice
Console]
ACDevice

[ 09:40:18]: Command: device hello
[

[

[

[Console]

[

[

[

[

[

[09:40:18]: Response: ACQ Device

09:40:33]: Command: device adc clk get
[09:40:33]:[Error] Response: ERROR

09:40:35]: Command: device adc clk get
[09:40:35]:[Error] Response: ERROR

09:40:38]: Command: device adc clk get -sid=0
[09:40:38]: Response: 80000000

09:40:58]: Command: device adc speriod get -sid=0

[09:40:58]: Response: 1000 e

ACDevice
Console]
ACDevice
Console]
ACDevice

Figure 3.16 - Console Window
A list of currently supported commands can be found in this document.

One of the main strengths of the OpenEPT tools is their flexibility and ability to adapt to specific
project requirements. Thanks to the Console Window and the Command Parser service on the EPP side (see
[EPP Developer Guide](EPP Developer Guide)), users can introduce custom commands and easily test them
directly through the console before integrating them into GUI workflows. This approach allows for rapid
prototyping and fine-tuning of new features tailored to each application.




USER GUIDE

3.4.3.6. Load control

Inside Control Section, after clicking on Load Control button ¥ itis opened Load Control Window
which layout is presented on Figure 3.17.

Load Charger  Charge/Discharge
Parameters

Mode Static W

Current 99 [mA]

Start

Status
Discharge Start Time 00-00-00
Discharge Duration 00:00:00
Discharge Stop Time 00:00:00
Protections
. Under Vaoltage Over Voltage o Ower Current
Reset

Controls
. Load Disabled [j PPath Enabled [:] Eattery Enabled a
Configuration Status Charging Status
Configuration: Configurad Charging state: Unknowin

Figure 3.17 - Load Control Window

This window consists of following sections:

1) Load Control

2) Load Status

3) Protection status

4) Power Paths Controls
5) Acquisition status

In the Load Control section (1), it is possible to configure the load current. This configuration
includes two fields: Mode and Current. Currently, the only supported mode is Static, which represents a
constant (fixed) current. The Current field allows you to specify the desired current amplitude, expressed in
milliamperes (mA). After selecting the mode and entering the desired amplitude, click the Set button to
apply the configuration. If the current is successfully set, a confirmation message will appear in the Log
window. Once the current is configured, the load can be activated by pressing the Start button.
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ction)
in

Protections

Under Voltage Over Voltage Over Current

Controls

[:] Lead Enabled [:] PPath Enabled [:] Battery Enabled

The Status section (2) provides information about the duration of the load mode, including the
absolute time when the load started, the total duration of the load mode, and the absolute time when the load
was stopped. There are two conditions that can cause the load to return to 0: when the user presses the Stop
button or when a protection is triggered.

The Protections section (3) displays the status of all hardware protections available on the EPP board.
These protections include Under Voltage, Over Voltage, and Over Current. If a protection is active, its
corresponding square indicator will appear red; if inactive, it will appear grey. When any protection is
triggered on the EPP board, it remains latched to prevent potential hardware damage. Before resetting a
protection, make sure to investigate and resolve the root cause. Once the cause has been addressed, you can
restore the protection to its initial state by pressing the Reset button.

In the Power Path Controls section (4), it is possible to enable or disable the corresponding circuit

paths on the EPP board. The available controllable paths are shown in Figure 3.19.

Power DUT
Control Control

T
K<_L0ad L

Control

Figure 3.19 - EPP Circuit's paths that are controllable from software

The PPath control in the Power Path Controls section (4) manages the Power Path, the Load control
manages the Load, and the Battery control corresponds to the DUT (Device Under Test).

The final section in the Load Control window (5) contains two status fields: Configuration and
Charging.

- The Configuration field indicates whether the device is properly configured or not.

- The Charging status shows one of the possible battery states: Charging (when a negative current
value is detected), Discharging (when a positive current value is present), or Idle (when the
current is approximately zero).
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3.4.3.7. Calibration
Each time a new session is started, it is necessary to perform a calibration of the EPP board. This is

done through the Calibration Data window, which can be opened by pressing the Calibration button <+
located in the Control section of the Device Window. The layout of the Calibration Data window is shown

in Figure 3.20.

8 Calibration Data
| ADC Voltage Ref BTV
Voltage Offset 0 V' Current Correction 1
Voltage Correction |.3355 Current Gain 9.36
Voltage C. Offset .6308 vV Current Shunt 01 ohm

Submit

Figure 3.20 - Calibration Data window

Each field inside this window affects a specific channel, either voltage or current. To understand
how these parameters influence the raw measurements, it is important to first understand the formula used
to convert the raw voltage and current readings into their final, calibrated values.

The formula for calculating current reflects several layers of calibration logic. The raw ADC value
is scaled by a gain and shunt resistance, then adjusted with the current correction factor to account for known
deviations or hardware inaccuracies. This ensures that small mismatches in hardware (e.g., non-ideal resistor
values or amplifier gains) are corrected in software, yielding high-quality, consistent results regardless of
board-to-board variation. Equations (E.1) and (E.2) are used to calculate final voltage value.

Vref
currentinc = ( > Res) (E.1)

rawCurrent - currentinc — Virsset current
( R G 1000 - Keyrrent E.2
shunt amp ( . )

Similarly, voltage data is compensated using a combination of offset and linear scaling based on the
supplied correction values. The calibrated voltage is then checked against minimum and maximum values
to support statistical analysis, which will later be reported or visualized. The processed values are stored in
circular buffers and used to derive instantaneous as well as cumulative statistics like average voltage, peak
current, and total energy consumption. Equations (E.3) and (E.4) are used to calculate final voltage value.

_ Vre f
voltagelnc = SRes)’ Kyoitage (E.3)
V = Viosrset + TawVoltage - voltagelnc (E.4)
The calibration has a significant impact on downstream processing. For instance, the accuracy of
cumulative consumption measurements (expressed in mAh) depends on how precisely the current readings
are corrected and integrated over time. Inaccurate gain or shunt values would distort the integration result,

leading to underestimated or overestimated energy consumption. This is particularly critical in battery-
driven applications, where fine-grained consumption data is vital for energy management.
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4. TYPICAL USE CASES

This section is dedicated to illustrating practical usage scenarios and typical workflows for the
OpenEPT system, providing users with clear, step-by-step guidance on how to apply the tool in real-world
contexts.

While previous sections focused on describing individual components, setup procedures, and
configuration options from a functional perspective, this section integrates those elements into cohesive,
actionable examples. The purpose is to help users understand how to efficiently start and configure data
acquisition, define load profiles, adjust measurement parameters, and perform advanced analysis tasks.

By following these scenarios, users can gain confidence in operating both the hardware and the
software, ensuring reliable and reproducible results. Detailed examples also highlight best practices for
optimizing system performance, managing resource utilization, and avoiding common pitfalls. Furthermore,
these workflows demonstrate how to leverage various features of the GUI, such as plotting controls,
workspace management, and calibration tools, in a practical and intuitive manner.

Some of the scenarios that are covered for now are:
- Start data acquisition with no logging to file

- Start data acquisition with file logging enabled
- Analyse stored data

- EPP Calibration

- Energy breakpoint scenario

- Generate load profile
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4.1. Plot Voltage and Current values acquired with 1ms

In this use case, we demonstrate how to configure the EPP board using the OpenEPT GUI application
to acquire voltage and current samples at a 1 ms sampling interval and plot these values in real time. In this
demonstration, the samples will only be displayed live and will not be stored on the host machine.

he
co,

Step 1: Start application and leave WS path empty

When the application starts, the Workspace Path Selection window appears (for more details, see the
corresponding section). Since data will not be saved to a file in this scenario, the workspace path can be left
empty. In the Workspace Path Selection window, leave the path line editor blank as shown in Figure 4.1,
and click OK.

@ Select working directory 7 X

Select wrokspace directory

]
|
Cancel

Figure 4.1 - Workspace Selection window with empty Workspace path

When OK button is pressed, OpenEPT GUI application main layout appears as it is presented Figure
4.2.

r
@ Open EPT - MCU Energy profiler = O X

O R

Figure 4.2 - OpenEPT main window
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Step 2: Add EPP device

In the main window of the OpenEPT GUI, click the Add Device button ® to open the Add New
Device window (1 in Figure 4.3). Enter the device IP address (by default: 192.168.1.100) (2). Once the IP
address has been entered, click Add Device to continue (3).

r
@ Open EPT - MCU Energy profiler — a >

OO R

# Form

Ip Address: 192.168.1.110)

Port number: 5000

Close Add device

Figure 4.3 - Add New Device

Step 3: Select Interface

If the device is successfully added, the Device Window will appear (see the relevant section for more
details about the Device Window and its configuration parameters), as shown in Figure 4.4. Initially, all
options will be greyed out because the data reception interface has not yet been selected.
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# Open EPT - MCU Energy profiler - [ACQ Device] - a x
HEH
¢
Voltage Voltage filtered Device
sr sr Stream from ADC
Sampling Period [us] 0
s s ADC(Int) Resolution
ADC(Int) Sample time
r r ADC(Int) Clock div
= = Advance options
2 2
System
5] 5]
Samples stream senver interface
if i
O Cumulative
N . R . . , N . \ . W oo
o f ) - 3 3 s o f 2 - 3 s 0 Curent
0 Voltage
Measurement type
O Current
Spectrum
Max Num of Packets 100
s
Samples No 250
Enable EP
S
Save to file
S0 Consumption profile name
z Set
B
2k Load control 4y
Calibration $
5]
1f Console B
Real Time Statistics nl
% T B 3 Y s > o a o
L Connected ]
Drop rate 0% Recieved packet counter: 0 Sampling time [ms] 0.02848 Sampling period [us] 0 Acquisition Duration 00-00-00

[Application] [20:45:55] Device container successfully created

Figure 4.4 - Device window without selected interface and with default configuration

In the Device Window, select the interface over which the sampled data will be received. In this
example, we choose the WiFi adapter with IP address 192.168.1.101. The appearance of the Device Window
after selecting the interface is shown in Figure 4.5.

@ Open EPT - MCU Energy profiler - [ACQ Device] - o X

Voltage Voltage filtered Device
st s Stream from ADC Int ~
Sampling Period [us] 1000
o 4 ADC(Int) Resolution 16 v
ADC(Int) Sample time 5 v
i N ADC(Int) Clock div 1 “
= 2 Advance aptions &
b 2
System
& &
Samples stream server interface
ik 1
<wireless_32768>:192.168.1.101
O Cumulative
] 0 C type
0 1 2 - 3 s s o 1 2 - 5 0 s O Curent
O Voltage
Measurement type
O Current
Spectrum
Max Num of Packets 100
.
Samples No 250
W[ Enable EP o
Save to file o
N Consumption profile name
= Set
£
b Load control 4
o Calibration ¢
i Console B
Real Time Statistics nl
I T 2 3 ¥ s » O O O
Tt Bomnected ]
Drop rate 0% Recieved packet counter: 0 Sampling time [ms] 0.000138 Sampling period [us] 1000 Acquisition Duration00:00:00

[Application] [20:48:06] Average ratio scuessfully obtained

Figure 4.5 - Device window after interface is selected.

After Interface is selected, blue diode changes its state to Green as it is presented on Figure 4.6.
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Figure 4.6 - OpenEPT EPP Board after interface is selected
Step 4: Configure EPP and Acquisition parameters

Table 4.1 list all parameters that should be changed.

Table 4.1 - Parameters configured for Use Case 1

Parameter Name Parameter Value Description
Stream from ADC Ext We use external ADC
Consumption type Cumulative We want to monitor samples over time
Max Number of
5 See
samples

The Configuration section of the Device Window, after applying the parameters from Table 4.1, is
shown in Figure 4.7.

= a x
BEE
Device
I Stream from ADC Ext ~ I
Sampling Period [us] 1000
ADC{Int) Resolution 16 ~
ADC{Int) Sample time 2C5 ~
ADC{Int) Clock div 1 ~
Advance options &
System

Samples stream server interface

<wireless_32768=:192.168.1.101

© Cumulative
Consumption type

() Current

Voltage

Measurement type
Max Mum of Packets g
Samples No 250
Enable EP O
Save to file O

Figure 4.7 - Configuration after parameters value from Table 4.1 are applied
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Step 5: Control Acquisition

To start the acquisition, press the Start Acquisition button P 1fthe parameters are correctly set, data
should appear on the corresponding plots after a few seconds, as shown in Figure 4.8 .

@ Open EPT - MCU Energy profiler - [ACQ Device] - =) X

[-[5]
Voltage Current Device
i Stream from ADC Ext -
Sampling Period [us] 1000
ADC(int) Resolution 16 v
318
ADC(Int) Sampls time 25 v
ADC(Int) Clock div 1
= 157 z
= E Advance options &
System

Samples stream server interface

<wireless_32768>:192.168.1.101

3458 © Cumulative
. . . . s . . . . c ption type
16000 15000 00 ) 2000 15000 15000 2000 B 000 O Curent
] ]
Voltage
Measurement type
. Current
Consumption
Max Num of Packets 5
-oonas | T Samples No 250
Enable EP O
~ao07s |
Save to file o
~oom | T Consumption profile name
B Set
E ooms|
T— Load control 4
~0.0035 - B ibrati
-~ Calibration ¢
= —
Consol -]
oo onsole -]
Real Time Statistics nl
-0.004 | —
1600 15000 2000 200 2000 > o o (9]
ms] Comected
Doprate 0 0% Recieved packet counter: 100 Sampling time [ms] 1.000000 Sampling period [us] 1000 Acquisition Duration 00:00-00

[Application] [20:48:46] Max number of samples buffers sucessfully configured

Figure 4.8 - Device window after acquisition is started

After the acquisition starts, the blue LED located at the bottom right corner of the board will turn on
(1 in Figure 4.9).

Figure 4.9 - OpenEPT EPP Board after the acquisition starts

At any time, you can stop or pause the acquisition by pressing the B or O buttons, respectively.
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4.2. Plot Voltage and Current values acquired with 1ms and save to
file

In this use case, we demonstrate how to configure the EPP board using the OpenEPT GUI application
to acquire voltage and current samples at a 1 ms sampling interval, plot these values in real time, and
additionally save the samples to corresponding files (see 3.4.3.3 Consumption profile name). The
configuration and steps presented in this demonstration are largely similar to those described in 4./ Plot
Voltage and Current values acquired with Ims. Therefore, throughout this demonstration, we will frequently
refer to the steps already outlined in that section.

Step 1: Start application and set WS path

When the application starts, the Workspace Path Selection window appears (for more details, see 3.2
Define Workspace). Since data will be saved to a file in this scenario, the workspace path needs to be
configured. In the Workspace Path Selection window, click the Select Directory button (1 in Figure 4.1)
and navigate to your desired workspace directory. Once the directory is selected, its path will be displayed
in the Workspace Path Selection window (2 in Figure 4.1). Click OK to proceed to the next step.

Select W ?

Select wro ce direct

icuments/OpenEPTWS2 ﬁ

OK Cancel
Figure 4.10 - Select workspace directory
Step 2: Add EPP device

Same as Step 2 in 4./ Plot Voltage and Current values acquired with 1ms

Step 3: Select Interface

Same as Step 3 in 4./ Plot Voltage and Current values acquired with 1ms

Step 4: Configure EPP and Acquisition parameters

Configure all parameters that are listed in Step 4 in 4./ Plot Voltage and Current values acquired
with Ims. Additionally, Within Configuration section of Device Window ‘“Save to file option” should be
selected (1 in Figure 4.11). Then, enter the Consumption Profile name (2 in Figure 4.12) and finally click
the Set button (3 in Figure 4.13).

Save to file ﬂw

Consumption profile name

Demo Set w

Figure 4.14 - Save to file part of Configuration section

If profile name is successfully configured, corresponding Log message will be printed as it is
presented on Figure 4.15.
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Application]
Application]
Application]
Application]

09:25:54]:Consumption type: "Cumulative” successfully set

09:25:56]:Max number of samples buffers sucessfully configured
09:26:12]:Max number of samples buffers sucessfully configured
09:26:48]:Directory for new consumption profile Demo succesfully created |

—r—
L] s M s L

Figure 4.15 - Log message after consumption profile name is configured
Step 5: Control Acquisition

Same as Step 5 in 4./ Plot Voltage and Current values acquired with 1ms

Step 6: Check for saved file on Workspace path

After Acquisition is done, on <workspace path>/<consumption_name> path should be created 4
files as it is presented on Figure 4.16. Name and content of the files are listed in Table 3.4.

Name Date modified Type

’ﬁ cons 77472025 9:28 AM Microsoft Excel Co.. 400 KB
’ﬁ ep 25 9:26 AM Microsoft Excel Co.. 1KB
. OpenEPT 25 9:28 AN Text Document

’ﬁ VC 25 9:28 AM Microsoft Excel Cc

Figure 4.16 - Content of <workspace_path>/<consumption_name> directory after the end of the acquistion
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