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Introduction

NEPI Engine is a full-featured software platform for embedded Al-enabled processing hardware. NEPI
installs on top of the base operating system and software provided by edge-compute board and chip
manufacturers creating a feature-rich environment for edge-Al and robotic automation development.
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NEPI helps both new and experienced developers bypass many hurdles associated with bringing up and
creating edge-Al enabled solutions. With a library of plug-and-play abstracted hardware drivers, robotic
control system interfaces, drag-and-drop Al and automation applications, and customizable browser-
based user interfaces, NEPI lets smart system developers focus on their end- solution, not building low-
level software.

Doc #: D103580 V2.1.0 Copyright ©2023 Numurus LLC Page 3 of 32



Software Features

Data )

’ ) y
Processing = AUTOMATION

Microservices

Doc #: D103580 V2.1.0

Al and Automation Applications

To enable the rapid development and deployment of advanced Al-enabled
automation solutions, NEPI includes a suite of integrated applications that
support drag-and-drop deployment and orchestration of Al models and
automation scripts.

Abstracted Hardware Drivers

One of the key benefits of the NEPI software system are abstracted
sensors, actuators, communications, robotic hardware interfaces provided
by a library of interface drivers that allow plug-and-play operation with
industry standard hardware components.

Browser-Based User Interfaces

As most edge processing solutions do not include attached keyboards,
mice, and displays, NEPI provides a customizable browser-based resident
user interface (RUI) system hosted on-board the device.

Onboard Data Management

NEPI supports sophisticated onboard data logging of synchronized image,
point clouds, navigation, pose, and other data types that are typically
required at some point for any Al and mobile robotics automation project.

API Programing Interfaces

NEPI supports a variety of programmatic interfaces for applications to use
including Native ROS, WebSocket API, Native video servers for direct access
to low latency imagery data.
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PC Side Setup

The initial connection to your NEPI device is made through an wired Ethernet connection using the
instruction below.

NOTE: Once you have successfully connected and logged into your systems RUI interface, you can
enable the systems WiFi access point option for WiFi enabled hardware, then connect through WiFi
rather than Ethernet if that method is more convenient. See “Creating a WiFi Access Point” for
instructions on setting up a WiFi access point for your NEPI device.

PC Network Adapter Setup

1. Connect an ethernet cable from your NEPI-enabled hardware to a local LAN, switch, or directly
to a PC.

YOU WILL NEED TO ENSURE THAT THE HOST COMPUTER’S ETHERNET INTERFACE IS
CONFIGURED WITH A STATIC IPV4 ADDRESS ON THE 192.168.179.0/24 SUBNETWORK. FOR
EXAMPLE: IP Address: 192.168.179.5 Netmask: 255.255.255.0

Network Adapter Setup (Linux)
Cancel Wired
1Pvd
1Pv4 Method Automatic (DHCP) Link-Local Only
© Manual Disable
Shared te other computers
Addresses
192.168.179.5 255.255.255.0 juj
DNS matic @)

Network Adapter Setup (Windows)

Internet Protocal Version 4 (TCP/1Pv4) Properties X

Networking  Sharing General
Connect using
& ASIX AX88179A USB 3.2 Gen1to Gigabit Ethemet Adapt

Corfigure

This connection uses the followng tems

¥ BB Chent for Microsoft Networks

¥ 'S Fie and Prnter Shanng for Microsoft Networks

1 58 vitualBox NDIS6 Bridged Networking Driver

¥ Q0S5 Packet Scheduler

¥ 4 Irtemet Protocol Version 4 (TCP/1Pv4)

. Mcrosoh Network Adapter Mutplexor Protocal
¥ Mcrosoht LLDP Protocol Diver
<

(@ Use the folowing DNS server addresses:

heal vt Propedies Preferred DNS server.

Network Adapter Setup (Mac)

ece < AX88179A
Q AXBB179A Details...
N o connected
sign in
with your Apple ID
1Pv4 Configured Manually
@ wi-ri 1P address 192.168.179.103
€3 suetooth
Subnet mask 255.255.255.0
[ ® Notwor |
Router Router
{3 Notifications
Sound DNS Servers DNS Servers
(9 Focus Search Domains Search Domains
(&3 screen Time

Delete Service..  Make Inactive ?

For a detailed overview of this and other PC side setup procedures, see the NEPI Engine - Getting Started
tutorials at https://numurus.com/tutorials.
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Accessing NEPI’s Resident User Interface (RUI)

The NEPI’'s Resident User Interface (RUI) provides a browser-based user interface for configuring,
validating and monitoring activities. The NEPI RUI is comprised of a top-level menu with additional
submenus appearing under each top menu item.

A network-connected NEPI-enabled device’s RUI is accessed through a network connected PC, tablet, or
smartphone by entering the NEPI device’s fixed address http://192.168.179.103:5003 (or at any other
custom IP address configured on the device).

Recommended Browser: Google Chrome or Microsoft Edge (Firefox has feature limitations that
severely limit RUI usability)

Connecting to the RUI (All Devices)
1. Power your NEPI-enabled hardware platform and allow 30-60 seconds for the system to boot.
2. On the computer attached to the NEPI via the ethernet connection, open a Chrome web
browser and navigate to the URL: http://192.168.179.103:5003
a. The NEPI RUI application will initiate and display system dashboard tab.

numurus SENSORS APPLICATIONS CONTROLS SYSTEM
vy

SYSTEM SOLUTIONS

DEVICE INFO SYSTEM STATUS SYSTEM MESSAGES

Type S2X-SXN203 Heartbeat Fetched device info nepi/s2x
Temperature 46.5°C

Serial Number 9999993999 Storage

Connected to NEPI device

Device ID S|

Used 1544 GB

SYSTEM CLOCK

NTP SAVE DATA

Time 7:36:14 am Save Data @ =x
Date 12/1/2023 Save Freq. (H2)
Timezone America/Los_Angeles Data Rate 0.004 MB/s

Sync Clocks Allow Data Deletion @x

For a detailed description of the NEPI RUI interface, see the NEPI Engine - Resident User Interface (RUI)
Users Manual at https://numurus.com/library.

To learn more about using the NEPI RUI interface, see the NEPI Engine - Getting Started tutorials at
https://numurus.com/tutorials.
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Accessing NEPI’s User Storage Drive

NEPI’s onboard user storage drive is where users can manage their data, Al models, autiomation scripts,
databases, software configuration, and more. The user storage drive is factory configured with the
following factory folders:

File System Folder: /mnt/nepi_storage/

ai_models Al image detection model library
automation_scripts Automation script library

data Onboard logged data folder

databases Databases required for automation scripts
docs Manuals and APl documentation

license System license files and license request files
logs System generated logs are stored
nepi_full_img Install (upgrading) system image files
nepi_full_img_archive  Archived (backup) system image files
user_cfg User and system configuration files

The user storage drive is made available as a shared network drive (i.e., Samba server) with the following
default credentials:

IP Address: 192.168.179.103\nepi_storage

Username: nepi

Password: nepi

Connecting to the User Storage Drive (Linux)

From the File Navigator, select + Other Locations. Enter the device URL as shown in the screenshot
below, ensuring that you preface with smb:// (e.g., smb://192.168.179.103/)and substituting a
different IP address if your device is configured with an IP address different than the default value. You
will be presented with a login screen and need to provide the credentials as indicated above. After
entering credentials, you should see the subdirectories listed above. You can drag/drop, copy/paste
locally, or delete files.

Connecting to the User Storage Drive (Windows)

Enter the system IP address and data folder in your file explorer window’s address bar (e.g.,
\\192.168.179.103\nepi_storage). You will be prompted for a username and password. After entering
credentials, you should see the subdirectories listed above. You can drag/drop, copy/paste locally, or
delete files.

Connecting to the User Storage Drive (Mac)

Open the Finder application and select the Network open on the left access bar. You should see you
NEPI device listed. Click on the NEPI device and enter the user name and password provided at the
beginning of this section.

To learn more about using the NEPI User Storage Drive, see the NEPI Engine - Getting Started tutorials
at https://numurus.com/tutorials.
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Accessing NEPI’s ROS Interface

NEPI leverages the Robot Operating System (ROS) toolset extensively. The information provided in this
section provides information for accessing the NEPI ROS environment. To learn more about ROS you
can find a significant amount of information online by searching for ROS in any web-browser. Here is a
good place to start is http://wiki.ros.org/ROS/StartGuide .

To learn how to setup a PC with ROS and configure it to communicate with the NEPI ROS environment,
see the tutorial “Setup Host PC for NEPI ROS Env” at https://numurus.com/tutorials/ .

Accessing NEPI’s File System

While NEPI provides extensive system and application support throught its Resident User Interface
and Data Storage Drive soutions, There are times when you may need access to the NEPI file system
and codebase. These include debugging system issues, command line testing of automation scripts,
and NEPI customization development. The NEPI file system is accessed from a network connected PC
using an Secure Shell (SSH) terminal connection to the NEPI device.

To learn how to setup a PC, connect, and customize to the NEPI file system, see the tutorial “Accessing
and Configuring NEPI File System” at https://numurus.com/tutorials/ .

Accessing NEPI’s Desktop Interface

As most NEPI software applications are intended for embedded systems, there are only a few reasons
you might need to connect to your NEPI device using a conventional desktop setup (mouse, keyboard,
display connected directly to the NEPI device). The two main reasons would be:

a) Debugging a network communications issue

b) Developing a desktop interface solution that requires direct display and input connections.

The following instructions assume your NEPI device has both an HDMI display port and usb ports.
Instructions

a) Connect an HDMI display, USB keyboard, and USB mouse to your NEPI device

b) Power on your NEPI device

c) Atthelogin screen, select the “nepi” user name. Enter “nepi” for default password

d) The desktop should come up and look like this:

Pi

SMART SYSTEM SOFTWARE

e) Access the NEPI RUI interface from the NEPI desktop by opening the system’s web-browser and
either selecting the preset “RUI App” link from the favorites bar, or entering “localhost:5003” in
the address bar.
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NEPI Device-Side Setup

Ethernet, WiFi, and Access Point Setup

NEPI comes configured with a factory set Base Ethernet Address (192.168.179.103) that makes setup
and connecting to a local laptop easy since this address is always available. The following Ethernet
configuration options are made available through the RUI SYSTEM/ADMIN tab.

Enabling DHCP

If you plan to connect to the internet through an internet connected LAN or modem, you will need either
to specific a static IP address on the LAN subnet or turn on DHCP client support first by selecting the
DHCP Enabled switch. With DHCP client support enabled, a new DHCP-assigned IP address will appear in
the IP address list once the NEPI device is assigned one by the DHCP server on the LAN.

Adding Ethernet IP Addresses

You can add additional IP address aliases to the system’s factory base IP address (192.168.179.103) that
make it easy to integrate a NEPI-enabled device into an existing local area network (LAN). The IP address
uses standard CIDR notation, with the subnet indicated by a “/” and subnet mask bit count (/24 is
shorthand for 255.255.255.0, /16 is shorthand for 255.255.0.0, etc.). You can set the maximum
streaming bandwidth by entering a maximum bandwidth value in Mbps and hitting enter, or disabling
bandwidth limiting by entering a “-1”. Bandwidth limiting only affects outbound data packets on a LAN
system, and typically results in reduced data/image update rates. It does not affect internal
communications within the NEPI-enabled device such as data logging or inter-process communication.

Internet Connected

ETHERMET

Davice IP Addresses 102.168.179.183/24
18.8.8.181/24

DHCP Enabled v®

TX Data Rate (Mbps)
RX Data Rate (Mbps)

TX Rate Limit (Mbps)

WwiR

Client Enabled

Access Point Enabled

ecass P e
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WiFi Setup

NEPI supports configuring connected WiFi hardware for simultaneous internet access and a local system
access point. Some WiFi hardware adapters may not support simultaneous configurations, in which case
you will only be able to set one of these options. The following WiFi configuration options are made
available through the RUI SYSTEM/ADMIN tab. The WiFi setup pane is only visible if the NEPI device
detects a compatible WiFi adapter. If you do not see this setup pane in the RUI, then your device has not
auto-detected the WiFi hardware.

Connecting to Available WiFi Network

If your NEPI-enabled device needs access to a WiFi network, usually for internet connected loT
applications or remote access to the device or RUI, first, select the Client Enabled switch if disabled,
refresh the Avail Networks list (if necessary), select the network you want to connect to from the list,
enter the access passphrase and press <Enter>. You should see a green indicator showing the device is
connected.

Internet Connected

ETHERNET

Device IP Addresses 192.168.179.103/24

DHCP Enabled

Remove

TX Data Rate (Mbps)
RX Data Rate (Mbps)

TX Rate Limit (Mbps)

WIFI

Client Enabled v . Connected

Network Plutarski Passphrase
Avail. Networks Plutarski v Refresh
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Creating a WiFi Access Point

If you want to setup a WiFi access point giving RUI and SSH access to local WiFi enabled phones and
PC’s, or other NEPI-enabled devices, first, select the Access Point Enabled switch if disabled, then input
a name and passphrase for your WiFi access point. Test that the access point is working by searching
for available WiFi networks on a local phone or PC, select the NEPI network and use your passphrase
to connect to it. You should be able to reach your devices RUI over this WiFi connection by opening a
web browser on the phone or PC and entering http://192.168.179.103:5003.

Access Point v
Enabled

Clock Synchronization

In many applications, it is important to synchronize to an available system time clock and synchronize
your NEPI-enabled device with this system clock available on a connected piece of hardware (PC, INS,
sensor, etc.). This is particularly true for NEPI devices that do not include a battery-backed clock, since
these devices boot up with a static, necessarily incorrect timestamp.

NEPI RUI Time Syncing

NEPI provides an alternative, yet less accurate time syncing solution through the NEPI RUI graphical
user interface using an html-based sync solution. Connect to your NEPI’s RUI Dashboard tab from the
time reference’s source computer (your laptop) in a web browser and select the “Sync Clock” button
on the dashboard.

SYSTEM CLOCK
NTP

Time 7:46:50 am

Date 12/3/2023

Timezone America/Los_Angeles

uTcC

Sync Clocks

NTP Server Time Syncing

To sync the onboard NEPI clock to the universal system clock using NTP (preferred), or through ROS
messaging (with increased latency), both setups are addressed in the “NEPI — Local System Interface API”
document downloadable from https://numurus.com/library/.
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NEPI Hardware Interfacing

Imaging Sensors

NEPI supports plug-and-play interfacing with 2D and 3D imaging sensors (cameras, lasers, sonar...)
through its IDX abstracted image sensor driver system, which maps image sensor data and controls to
standardized IDX interfaces. The IDX interface lets downstream Al and automation applications work
with and IDX connected sensor without any process changes. (See Appendix B for a list of IDX
supported image sensor interface protocols and tested systems).

The instructions below explain how to use the RUI’s IDX SENSOR tab to view and configure IDX
connector imaging sensors

1) Connect your IDX supported imaging sensor(s) to your NEPI-enabled device through an
appropriate port.

NOTE: If your device is ethernet based, you must ensure that your NEPI device and sensor have
compatible IP addresses. You can either configure your NEPI device or your sensor IP address to
be on the same IP subnet as the other.

2) Select the sensor from the IDX Sensor Selection drop down list, and select the sensor’s image
stream of interest from the Selected Image drop down list. You should see your selected
sensor/image stream live in the 2D image window, along with the image name above it.

3) Adjust any of the imaging sensor’s controls and see changes in real-time. Only those controls that
are available for that particular sensor will be changeable — others will be disabled.

4) If you want your control changes for that imaging sensor to persist after reboot, you must
navigate to the RUI SYSTEM/ADMIN tab and select the “SAVE ALL” button.
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Pan and Tilt Actuators

NEPI supports connecting and managing pan and tilt actuators through NEPI PTX abstracted pan and
tilt interface. The following instructions provide an overview of how to connect and manage a NEPI
PTX supported pan and tilt device. The NEPI PTX interface provides current position and status of the
pan/tilt device, along with standard settings and controls. (See Appendix B for a list of PTX supported
pan & tilt interface protocols and tested systems).

The instructions below explain how to use the RUI’'s PAN_TILT tab to monitor and control PTX support
pan and tilt systems.

1. Connect your PTX supported pan and tilt device to your NEPl-enabled device through an
appropriate port.

NOTE: If your device is ethernet based, you must either configure your NEPI-device’s or your
system’s IP address to be on the same IP subnet.

2. Open a web-browser and navigate to the NEPI-enabled device’s RUI CONTROLS/PAN&TILT tab.

3. Select the pan and tilt device from the PTX Device Selection drop down list. You should see state
information and other available feedback in the data boxes below that selection.

4. Select a connected camera/image placed on the pan & tilt system you would like to view live in
this window from the Image Sensor/Image Topic dropdown box. You should see your selected
sensor/image stream live in the 2D image window, along with the image name above it.

5. Adjust any of the pan and tilt controls and see changes in real-time, along with live adjusting
imagery as it moves along with the pan & tilt system.

6. If you want your control changes for that pan & tilt system to persist after reboot, you must
navigate to the RUI SYSTEM/ADMIN tab and in the Configuration pane select the specific pan/tilt
unit or “ALL” before pressing the “Save” button.

Pan/Tilt Unit

Selected Image
IQR_PAN_TILT
Serial Number
H/W Rev.

S/W Rev.

Present Position

' . e o Hard Position Min
“ Hard Position Max
Compression Low Medium Operating Position Min

Level v . . x

Operating Position Max
Home Position

Reverse Control

Speed —_— [}
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Navigation and Pose Sensors

NEPI supports plug-and-play interfacing with external navigation and attitude sensors (GPS, IMU, INS...)
through its NPX abstracted NavPose driver system, which maps NavPose data to standardized NDX
interfaces and file formats, and publishes its NavPose solution for other NEPI applications to use. (See
Appendix B for a list of NDX supported interface protocols and tested systems).

NEPI NavPose Conventions

NEPI uses a north-east-down (NED) global reference frame and an forward-right-down (FRD) local body

reference frame as defined below.
NED Global Frame: X is North, Y is East, Z is Down (Towards Earth Center), and Yaw 0 degrees
faces North and rotates positive using right hand rule around Z axis down.
Local Body Frame (Fixed to Robotic Platform Body): X axis points in Forward (defined by geometry
and not by movement) direction (RHR roll axis), Y axis points to the Right (geometrically) (RHR
pitch axis), Z axis points Down (geometrically) (RHR yaw axis ), Yaw O degrees faces X and rotates
positive using right hand rule around Z axis down

NED Frame Body Frame
North

Forward

7 XVZ’XB

RUI NavPose Configuration and Monitoring
The RUI Sensors / NavPose tab provides a graphical interface for configuration and monitoring your
systems NavPose solution

NAV/POSE OUTPUT NAV/POSE SETUP
Location Initial State
Latitude deg deg/s Latitude
Longitude Roll I | | ongituce Pitch (deg)
Afttude (m) Pitch Jooo ] Afttude (m) 0.00 Yaw (deg)
Speed (m/s) Yaw oo | Heading (deg)
=i (e) fet. Frame IMU/AHRS Offsats

o

¥ (m)
NAV/POSE STATUS

Z(m) ). Yaw (deg)
Nav/Sat. Update Rates (Hz)

Sync. System Clock to Na

Heading (deg)

Heading

Nav. Source hosition/global v
Orientation Source /nepi/s2x/maviink/global_position/local v

Heading Source /nepifs2x/mavlink/global_position/compass_hdg w

Output Settings

Output Ref. Frame Transform Output
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Configuring Fixed Asset Data

For applications involving fixed assets, NEPI supports direct entry of location, heading, and/or pose data.
The instructions below explain how to use the RUI NAVPOSE tab to manually enter and save fixed
location, heading, and/or pose data.

1) Open the RUI SENSORS/NAVPOSE tab and edit the NAV/POSE Setup — Initial State entry boxes
with the values of your fixed asset.

2) You can press the “Reinitialize” button on Nav/Pose Output pane to see your updates take
effect but note that they will be immediately overridden by any live updates streaming in on
the topics selected in the “Input Settings” pane.

3) Go to the RUI System/Settings tab and in the Configuration pane, select either “Nav/Pose/GPS”
or “All” from the dropdown before pressing the “Save” button.

Configuring External IMU/INS Input Data
All offsets should be applied positive or negative depending on which direction you are moving in the
pipeline relative to the data. For instance, sensor data moving to a common reference frame should be
negative measured from the device frame of reference, while external frame of references should be
positive measured from the device frame of reference. The transform values must be calculated based
on the following directions and order of transformation:
1) First Sync INS and NEPI clocks using external NTP Server
2) Open the RUI SENSORS/NAVPOSE tab and select the appropriate data sources from the
dropdown boxes in the NavPose Input Settings section
3) Apply any transforms required using the following conventions:
4) Transforms are positive FROM the Device Frame of Reference TO the External INS Frame of
Reference
5) Transformation order is X, Y, then Z in meters
6) Rotation order is AX, then AY, then AZ in degrees (right-handed rotations) where the rotation
axes are fixed to DFoR throughout the rotation sequence.

I ina S Translation offsets are measured from the
maging Sensor  gonqor's FoR to the INS' FoR

FoR External INS
FoR

Rotations: Right-Hand Rule

For the example above, the correct offsets for this configuration as measured from the Sensor to INS
Offsets are: X=-0.25,Y=0.007,Z=0.152 AX=90.0, AY=0.0, AZ=90.0

To learn more about configuring your NEPI NavPose solution, see the NEPI Engine - Getting Started
tutorials at https://numurus.com/tutorials.
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NEPI Built-In Applications

IMAGE VIEWER Application

NEPI’s Image Viewer application provides an interface for monitoring up to four live image streams
simultaneously. The live image viewer windows will populate and resize dynamically based on your
selected image topics from the dropdown boxes. Any image data including raw sensor streams, Al
detection output images, and custom automation processed image streams are available for selection.

The instructions below explain how to use the RUI’'s IMAGE VIEWER tab to monitor available system
image streams.

1. Open a web-browser and navigate to the NEPIl-enabled device’s RUI APPLICATIONS/IMAGE
VIEWER tab.

2. Select up to four image streams to display.

3. The Snapshot button produces a system wide “snapshot event trigger” only. Snapshot actions
are controlled through NEPI automation scripts. In order to take some action based on a snapshot
event trigger, you must have at least one “snapshot event action” automation script running.

To learn more about implementing snapshot event actions, see the NEPI Engine - Using and
Creating NEPI Automation Scripts tutorial at https://numurus.com/tutorials.
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Al Application

NEPI’s Al application provides a framework for storing, configuring, and running user Al models from
from NEPI's User Storage “ai_models” folder. The Al application manages which of the available Al
models is active at a given time, which sensor stream(s) input to the active model, and any additional
parameters related to Al model execution. The Al application also supports external Al process
orchestration such as active model selection and on-the-fly data input switching. The Al application
supports Al inference output logging of labeled images and text-based bounding box descriptions, and
ensures Al model outputs adhere to a standard ROS 2D label topic format, ensuring a consistent interface
for both on-board and off-board consumers of the Al output data streams.

The instructions below explain how to use the RUI’s Al tab to setup, start, and monitor Al detection
processes for your systems.

7) Open a web-browser and navigate to the NEPI-enabled device’s RUI APPLICATIONS/IMAGE
VIEWER tab.

8) Select up to four image streams to display.

9) The Snapshot button produces a system wide “snapshot event trigger” only. Snapshot actions
are controlled through NEPI automation scripts. In order to take some action based on a
snapshot event trigger, you must have at least one “snapshot event action” automation script
running.

10) While you can save the current Al setup so it starts automatically on startup by saving user
settings in the RUI’s SYSTEM/ADMIN page, best practice is to manage Al process with NEPI
automation scripts.
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To learn more about orchestrating deployed Al detection models, see the NEPI Engine - Getting Started
tutorials at https://numurus.com/tutorials.
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AUTOMATION Application

NEPI’s Automation application provides a framework for storing, configuring, and running user
automation scripts/executables from NEPI’s User Storage “automation_scripts” folder. The automation
application manages which of the available automation scripts is active at a given time. User automation
scripts leverage both the Linux system APl and NEPI API to create actions based on system data and Al
outputs. Actions may include any number of items including but not limited to saving data on board,
adjusting sensor and Al model orchestration, and sending information to a remote cloud server.

NOTE: You can download example NEPI automation scripts from the NEPI Engine automation script
GitHub repo at: https://github.com/numurus-nepi/nepi _sample auto scripts.

The instructions below explain how to use the RUI's AUTOMATION tab to start, stop, and monitor
automation scripts installed on your system.

1) Connect to the system’s RUI APPLICATIONS/AUTOMATION tab. Select the automation
script(s) you want to test then click the Start button.

2) Verify your automation script is working properly by checking the RUNNING SCRIPTS
window on this Ul tab. You can also observe statistics about the selected script in the
CONTROL AND STATUS window.

NOTE: If you want to see live print statement outputs and process error messages, you will
need to run the automation script in an SSH connected terminal from the
“/mnt/nepi_storage/automation_scripts/” folder.

AUTOMATION SCRIPTS RUNNING SCRIPTS CONTROL AND STATUS

lai_detector_setup_start_auto_script.py ji_detector_setup_start_auto_script.py File name ai_detector_setup_start_autc
iai_detector_setup_start_auto_script_zed2.py object_detect_and_snapshot_auto_scriptpy
image_contours_overlay_auto_script.py

image_enhance_auto_script.py

image_your_custom_auto_script.py

mavros_ai_detect_guided_goto_auto_script.py

mavros_ai_detect_loiter_snapshot_auto_script.py

mavros_complete_mission_auto_script.py

mavros_fake_gps_sim_auto_script.py

mavros_navpose_config_auto_script.py

imavros_setpoint_controls_auto_script.py

inavpose_get_and_publish_auto_script.py

Inavpose_set_fixed_navpose_auto_script.py

lobject_detect_and_snapshot_auto_script.py Started Count
ipantili_object_detect_and_track_auto_script.py

snapshot_event_save_data_auto_script.py Completion Count
snapshot_event_send_to_cloud_auto_script.py

snapshot_event_your_custom_auto_script.py Error Count
zed_3d_targeting_auto_script.py

zed_depthmap_2_image_auto_script.py Stop Count

File size

Log size

CPU Usage

= = =
H 4 =
= =
(=] w

=

Memory Usage
Run Time

Cumulative Run Time

Auto Start
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To learn more about orchestrating deployed automation scripts, see the NEPI Engine - Getting Started
tutorials at https://numurus.com/tutorials.
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SEQUENCER Application

You can create custom sequenced image streams from multiple cameras and/or multiple image
streams from a single camera. These sequenced streams are useful when wanting to feed multiple
camera streams into a single Al model or automation script. Once created, custom sequenced image
streams are available inputs in both the NEPI Al and Automation Applications

The instructions below explain how to use the RUI’s SEQUENCER tab to create sequenced image
streams from multiple cameras:

1) Open a web-browser navigate to the NEPI-enabled device’s RUI APPLICATIONS/SEQUENCER tab.

2) Select the NEW button under the SEQUENCER topic box and create a new custom image
sequence stream topic.

3) Select available image streams in the drop-down menu under the INPUT IMAGES box or DELETE
image stream topics already added to the sequence list. You should see the sequenced images
cycle through in the 2D image box on the right.

4) If you want your image sequence stream topic to persist after reboot, you must navigate to the
RUI SYSTEM/ADMIN tab and in the Configuration pane select either “Sequencer” or “ALL” from
the dropdown before pressing the “Save” button.

NEW_SEQUENCE_D{INPUT): /NEPY'S2X_PROTOTYPEECON_ROUTECAMRIVEW 2D IMAGE

To learn more about orchestrating sequenced image streams, see the NEPI Engine - Getting Started
tutorials at https://numurus.com/tutorials.
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CONNECT Application

NEPI’s CONNECT application supports NEPI’s built in Remote System Interface for secure message and
data transport between NEPI enabled devices and a remote computers, servers, or cloud platforms
running Numurus’ NEPI Connect server-side software distribution shown in the image below.

. numurus ...
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For instructions on configuring and testing a remote NEPI connection using NEPI’'s CONNECT
application, see the NEPI Engine - Getting Started tutorials at https://numurus.com/tutorials.
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NEPI Software Management Tools

User and System Settings

NEPI includes a large set of user-configurable parameters, which can be modified with or without
saving the changes as defaults for future sessions. Each system ships with a factory configuration and
the ability for users to restore the system to factory defaults both at the individual module level and
for all modules globally. User modifications from the factory settings are stored in separate user
configuration files.

Saving Configuration Settings

The RUI provides sophisticated graphical configuration in a convenient web-browser application. Many
of the configurable parameters in the system are exposed through the various tabs of the RUI, providing
end users a complete system configuration capability. To save system settings so that they persist after
reboot, you must explicitly save it via the RUI System/Admin page. If you want to save only settings
associated with a particular subsystem, not any others you might have adjusted, select that subsystem
from the Subsystem drop-down menu prior to pressing the “Save” button.

numurus

BMLNT BYETEM BOLUTION

Configuration Settings via ROS

Many parameters of NEPI may be updated through the use of the ROS messages and services. For
details on system setup, see “NEPI — Local System Interface_API” document at
www.numurus.com/library

Configuration Settings Manually

Many of the system level settings including serial number, base IP address, and more can be modified
by editing the appropriate file in the user_settings/user_cfg/sys folder on the NEPI device’s network
shared user drive.

NOTE: It is recommended that you back up any files before editing them, so that you can restore
them in case something is not configured properly and you are not able to access your RUI.

For details on common system configuration changes and appropriate files to edit, see the section
“Configuring the NEPI File System” in this document.
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Restoring System Settings

After software upgrades or manually editing system files, you must restore your saved settings from
the “nepi_storage/user_cfg” folder back to the NEPI device’s file system by opening the RUI
Settings/Admin tab, enabling the “Advanced Settings Enable” button, and selecting the “User Restore”
button.

Advanced Settings Enable

DEVICE

Updated Device ID

e
o

Issue Date 10/27/2023

s orion

CONFIGURATION
Subsystemn A

Reverting Current Changes
The User Reset button in the Configuration section of the Settings tab allows you to undo any changes
you have made to the system since the last time settings were saved. This has the same effect on settings
as power cycling the device with the benefit of taking immediate effect with no downtime. As with the
Save button, this can be applied to all subsystems simultaneously or just a select subsystem via the
Subsystem drop-down menu.

Reverting to Factory Settings

It is possible to completely revert a selected subsystem or the entire device back to Numurus factory
settings. As this can undo considerable prior work, the Factory Reset button is only exposed when
Advanced Settings Enable checkbox is selected.

Doc #: D103580 V2.1.0 Copyright ©2023 Numurus LLC Page 22 of 32



Software Updating, Backup, and Cloning

NEPI includes a flexible system for updating, backing up, and cloning the NEPI software system. Typical
steps for a complete system image updating are provided below. See the “Numurus_API_NEPI - File
System” document for more details on how to create and manage NEPI software images.

Updating NEPI Software Image

1) Obtain the image file. Numurus maintains image files for a number leading edge-compute
hardware platforms downloadable at:
https://www.dropbox.com/scl/fo/xs08d4c43dupfglftc2vy/h?rlkey=we8r0omh123ufg9opbl5yj0
g6&dI=0
Ensure it has a filename of the form nepi_* sys.img.raw, where the wildcard * can be any valid
filename substring. If the file has a .zip extension, make sure to unzip the file first.

2) Copy the image to the nepi_full_img subdirectory from your development host system via
networked filesystem access (Samba).

. » Network » 192,168.179.103 > nepi_full_img ~ O Search nepi_full_img 2
MName Date modified Type Size
@ nepi_reotfs_test_version.img G/5/2022 11:26 PM RAWY File 31,230,432 ...

3) Save all your current system and user settings by selecting the “Save” button on the RUI's
System/Admin tab with “All” selected in the dropdown box.

CONFIGURATION

Subsystem All v

4) From RUI System/Software page in the Full System Update section, select Check. The image
should be detected and the NEPI s/w version reported in the Image Version textbox. The Status
text field should report “Ready to Install.” Click “Install” button to start the installation and wait
for installation to complete.

FULL SYSTEM UPDATE
Source SSD Partition 3
Image Filename nepi_rootfs_test_version.img.raw

Image Version 2.0.0-beta-5

Image Size 30518MB

Status ready to install

Progress

Install
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5) Reboot your NEPI device.

6) Following successful install, the Active and Inactive definitions should be swapped so that on
next reboot the new image will be the Active one. In rare cases, it may be necessary to
manually click the Switch Active/Inactive button — the Full System Update: Status text field will
inform you if that is the case.

7) Restore your saved pre-install system and user settings by opening the RUI Settings/Admin tab,
enabling the “Advanced Settings Enable” button, and selecting the “User Restore” button.

Advanced Settings Enable

DEVICE

UpdstdDerce D I

e

s
Issue Date 10/27/2023
e Verer

CONFIGURATION

Subsystem -_
r—

8) (Optional) You can also update your system’s documentation, Al models, and automation
scripts with the lastest realease by downloading the folders from the following link:
https://www.dropbox.com/scl/fo/c7qap49hftrmil3ku49tg/h?rlkey=kbufg3lv04y9c2etcl7kotk0j
&dI=0
Once downloaded, replace the folders on your NEPI devices user_storage network shared drive.

M e » Metwork » 192168179103 » nepi_storage

s

A ] Mame

ai madﬂsl

automation_scripts
data

docs
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Software Backups and Cloning

If you are planning to make make changes to your NEPI file system, or have an image that you want to
deploy to other systems, your can quickly create a backup image of the current NEPI file system
following these instructions:

NOTE: Backups can only be made on your NEPI device’s inactive partition. If you want to back up your
active partition, first select the “Switch Active/Inactive” partition control, then reboot your system. It
will now come up with the partition you want to clone as the inactive partition.
1) Inthe RUI's SYSTEM/SOFTWARE tab, check that the partition you want to clone is listed in the
“Source” box, then click the “Archive” button from the FULL SYSTEM ARCHIVE box.

FULL SYSTEM ARCHIVE

Source SSD Partition 2: (38000MB)
Destination SSD Partition 3. (802046MB free)

Status

Progress

Archive

2) Monitor the image archiving process until complete.

FULL SYSTEM ARCHIVE

Source SSD Partition 2: (38000MB)

Destination SSD Partition 3: (802046MB free)

Archive Filename nepi_rootfs_archive_2023_12_03_132804.img.raw

Status archive complete

Progress

Archive

3) Copy your archived NEPI image from the NEPI Storage drive’s “nepi_full_img_archive” folder to
your PC or wherever you want to store it. You can also rename this file ensuring it has a
filename of the form nepi_*_sys.img.raw, where the wildcard * can be any valid filename
substring.

Metwork > 192108179103 > nepi_storage > nepi_full_img_archive

[ Mame

_ nepi_rootfs_archive_2023_12_03_132804.img.raw

NOTE: You can now use the archived NEPI image as a backup image to restore your current system’s
image if corrupted, or copy and install on another system following the “Updating NEPI Software Image”
instructions.
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Software License Management

NEPI is available under either a Developer license or a Commercial license, providing a flexible solution
for every stage of your project development. The NEPI Developers license provides free use of the
complete NEPI package for developers, students, educators, and teachers. Users are only required to
upgrade to a Commercial license when and if they want to deliver NEPI in a commercial product or
service.

On startup, NEPI looks in the user shared partition on the NEPI system under nepi_storage/license
folder. Commercial license files are unique for each device based on a device hardware identifier. If
no license file is present or an invalid license file is detected, NEPI defaults to a Developer’s license. If
there is a problem with an installed license file, details will be displayed on the SYSTEM/ADMIN RUI tab
in the NEPI License section.

View license option details at: https://numurus.com/pricing-nepi-software/
Download license: https://numurus.com/wp-content/uploads/Numurus Software License Terms.pdf

While NEPI file systems are the same for both Developer and Commercial licensed systems, Developer
licensed installations will show a message “DEVELOPER VERSION: NOT FOR COMMERCIAL USE” along
the header of any user interfaces. As shown below.

numurus

SMART SYSTEM SOLUTIONS

You can check the License type of a NEPI installation on the SYSTEM/ADMIN RUI tab under the “NEPI
LICENSE” section as shown below.

MNEP1 LICENSE
Type
Status

Issue Date

Issue Varsion
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Updating NEPI to Commercial License Version
Below are the steps to perform in order to request, purchase, and install a valid Commercial license on
your system.
1) Click the “License Request” button in the SYSTEM/ADMIN RUI tab in the NEPI License section.
This will create a unique license request file with your systems hardware and software details
needed for Numurus to create a Commercial license file for your system.

NEPI LICENSE

e
Status License file not found

Issue Date

License Request

2) Open the user shared partition on the NEPI system and navigate to the nepi_storage/license
folder. Copy the license request file to your computer, and email this file with a brief
description of your request to nepi@numurus.com. Numurus will then send you a quote for a
NEPI Basic Commercial license or use an available software seat on an existing Professional
Commercial license order.

3) Once your order has been processed, Numurus will email you a unique license file for the
device you produced the license request file from. Once you have that file, copy it to the user
shared partition on the NEPI system at nepi_storage/license folder and check that your system
registered the Commercial license file properly by checking the SYSTEM/ADMIN RUI tab in the
NEPI License section on your system. If everything worked correctly, you should see one of the
valid Commercial license types from the table above shown next to the license Type indicator
and a “Valid” message next to the Status indicator on that tab.

NEPI LICENSE

e

Issue Date 08/04/2023

NOTE: Each generated license file is unique to each device and the license file’s hardware identifier
must match with the device’s hardware identifier for the system to accept received license as valid.
The License file’s filename carries the hardware ID in it for easy verification
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Appendix A — NEPI Data File Formats

Note, file names prefixes and subdirectory pathnames can be adjusted via APl or RUI. Following show
only the unaltered basename without standard timestamp prefix, etc.

Note, not all <idx_sensor_name> file types are supported by all NEPI IDX sensors. Supported output
data is hardware and s/w-driver dependent.

<idx_sensor_name>_color_2d_img.png: RGB Color image, 24-bit color depth (8 per channel), PNG
format
<idx_sensor_name>_bw_2d_img.png: Grayscale image, 8-bit color depth, PNG format

<idx_sensor_name>_depth_map.png: Depth map, each 16-bit each pixel represents distance (in
millimeters), For programmatic consumption; typically not well-displayed in image viewer applications,
PNG format

<idx_sensor_name>_depth_image.png: RGB Color image, each pixel represents distance in a dynamic,
user-selectable color mapping and scaling, 24-bit color depth, PNG format

<idx_sensor_name>_pointcloud.pcd: 3D pointcloud in PCD format (binary, compressed, RGB colored
for some sensors); all x,y,z distances in meters

<idx_sensor_name>_sensor_calibration.xml: Includes active calibration info. Single file saved at the
start of a save process and/or on user request. Contents are sensor-dependent. XML file format.

classifier_bounding_boxes.txt: Human-readable detected object and bounding box description. YAML
file format.

Example file:
input_image: bounding_boxes:
/nepi/s2x_prototype/onwote_hd_poe/idx/colo -
r_2d_image probability: 0.330612450838
header: xmin: 1941
seq: 0 ymin: 1190
stamp: xmax: 2127
secs: 1687873192 ymax: 1332
nsecs: 958092658 id: 0
frame_id: "detection" Class: "person"
image_header:
seq: 448
stamp:
secs: 1687873192
nsecs: 705833911
frame_id: "onwote_hd_poe_frame"
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nav_pose.yaml: Human-readable text file that includes source to target transform tree, GPS fix and
status, attitude (quaternion) fix and status, and heading fix and status. Single running file with additional
entries appended for each update. YAML file format.

Example file:
# Nav/Pose Data File accel:
start time: 2021-05-13T144222.612 x: 1.405206
transform: y: —-9.683427
source frame id: z: 1.256198
stereo cam imu link valid: true
target frame id: w: 0.425423
3dx _center frame valid: true
# Translation in meters velocity:
translation: x: 0.000000
x: 0.001654 y: 0.000000
y: 0.024570 z: 0.000000
z: -0.000032 valid: true
#Rotation Quaternion angular rate:
rotation: x: —-0.000859
x: =-0.707901 y: -0.001361
y: —-0.003419 z: -0.006532
z: -0.007849 valid: true
w: 0.706260 pose _quaternion:
entries: x: 0.566074
- gps: y: -0.495927
timestamp: 0.000000 z: 0.502625
status: NO FIX w: 0.425423
service: GPS valid: true
latitude: 0.000000 heading:
longitude: 0.000000 deg: 0.000000
altitude: 0.000000 ref: magnetic
ahrs: valid: false
timestamp:
1620931342.544894
filter state: RUNNING
filter flags: 0x0
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Appendix B — NEPI Hardware Driver Support

One of the key advantages of NEPI is its libraries of abstracted hardware drivers that provide plug-and-
play setup and allow developers to connect and interface to sensor, robotic, and communications
hardware through an abstracted API. NEPI driver libraries are organized into functional groups, each
with a set of standardized and abstracted APl data and control interfaces appropriate for each group.
Below is a table of currently supported driver groups.

Driver Abstraction Description
Group Name

IDX 2D and 3D Imaging Sensor Interface
LSX Lights and Strobe Illumination Interface
PTX Pan & Tilt Hardware Interface

NPX Navigation and Pose Hardware Interface
CMX Communications Hardware Interface
RBX Robotic Backseat Driver Interface

MANF Custom Manufacture Driver Support

IDX - Imaging Sensor Hardware Support Table
The IDX driver abstraction layer provides plug and play integration and common API interface for all
connected 2D and 3D imaging devices, regardless of their native software interface, making

downstream edge-processing applications easy to build, maintain, and reuse across all types of imaging
sensor devices.

Type Software Interface Tested-On Manf/Models
USB2(UVC) E-Con/Sge3CAM_CU81, Stereqlabs/ZedZ (as ?D side-
by-side USB camera), Logitech/C920-series
USB3 (GenlCam) IDX / U3-3280CP
2D Cameras
Ethernet (IP: ONVIF) E-Con/RouteCAM POE, SIDUS/SS400, Onwote/HD

Ethernet (IP: GenlCam) IDS / GV-280FA-C-HQ, FLIR / Blackfly S POE

3D Cameras USB3 (ZED ROS) Stereolabs/Zed2 Camera*

* Currently supported through an installed interface provided by the manufacture
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LSX — Light and Strobe lllumination Hardware Support Table
The LSX driver abstraction layer provides plug and play integration and common API interface for all
connected light and strobe illumination devices, regardless of their native software interface, making
downstream edge-processing applications easy to build, maintain, and reuse across all types of

illumination devices.

Type

Software Interface

Tested-On Manf/Models

LED Light

RS232(SeaSense)

DeeSea/LED Sealite*

* Currently supported through an installed interface provided by the manufacture

PTX - Pan & Tilt Actuator Driver Support Table

The PTX driver abstraction layer provides plug and play integration and common API interface for all
connected pan and tilt actuator systems, regardless of their native interface, making setup, control,
feedback, and automation processes easy to build, maintain, and reuse across all types of solution

platforms.
Type Software Interface Tested-On Manf/Models
ModBus RT
usB od :Zrialu over Iquotient Robotics ROS Based Pan Tilt

NPX - Navigation and Pose Hardware Driver Support Table
The NPX driver abstraction layer provides plug and play integration and common API interface for all
connected navigation and positioning systems, regardless of their native interface, making data
manipulation, data geo tagging, and automation processes easy to build, maintain, and reuse across all
types of solution platforms.

Type Software Interface Tested-On Manf/Models
Serial (NMEA) (Ublox Neo-M8N )
GPS
Serial (MAVLink) Pixhawk/PX4, Pixhawk/6C
IMU Serial (MAVLink) Pixhawk/PX4, Pixhawk/6C
Serial (NMEA PAUV) VideoRay/Defender
INS Serial (MAVLink) Pixhawk/PX4, Pixhawk/6C
Serial (MANF) Parker/Lord Microstrain AHRS*

* Currently supported through an installed interface provided by the manufacture
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CMX - Communication Hardware Driver Support Table

The CMX driver abstraction layer provides plug and play integration and common API interface for all
connected communication devices, regardless of their native interface, making two-way data transfer
processes, both persistent and non-persistent, between NEPI devices and remote systems easy to
build, maintain, and reuse across all types of communications gateways.

Type Interface/Protocol Tested-On Manf/Models
Ethernet TCP/IP All supported board NICs

WiFi TCP/IP (AP and Client) AzureWave AW-CB375NF
Cellular 4G/5G Serial Microhard/LTECUBE

RBX — Robotic Control System Interface Support Table

The RBX driver abstraction layer provides plug and play integration and common high-level API
interface for all connected robotic control systems, regardless of their native software interface,
making downstream edge-processing applications easy to build, maintain, and reuse across all types of
imaging sensor devices.

Type Software Interface Tested-On Manf/Models

Drone MAVLink (Mavros) Pixhawk 4, Pixhawk 6C

* Currently supported through native ROS interface and NEPI Automation Scripts
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