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1 Introduction

Indications in the manual

To prevent damage to the equipment and ensure the user’s safety, this manual indicates each precaution
related to safety with Warning. Supplementary information is provided as a Note.

Warning: Warnings in this manual indicate procedures and actions that must be observed to
avoid danger of injury to the operator/user, or damage to the equipment. Software-related warnings
indicate procedures that must be observed to avoid malfunctions or unexpected behavior of the
software.

Note: Notes are used in this manual to indicate supplementary relevant information.

1.1 Overview

The rc_reason_stack is a high-performance 3D-image-processing Docker software stack for deploy-
ment on Ubuntu machines. It enhances the computing capabilities of the Roboception stereo camera
rc_visard and supports the rc_viscore, the Basler Stereo ace camera, the Orbbec camera and the zivid
camera.

The rc_reason_stack provides real-time camera images and depth images, which can be used to com-
pute 3D point clouds. Additionally, it provides confidence and error images as quality measures for each
image acquisition. It offers an intuitive web Ul (user interface) and standardized interfaces, making it
compatible with all major image processing libraries.

With optionally available software modules the rc_reason_stack provides out-of-the-box solutions for
object detection and robotic pick-and-place applications.

Note: This manual uses the metric system and mostly uses the units meter and millimeter. Unless
otherwise specified, all dimensions in technical drawings are in millimeters.
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2 Safety

Warning: The operator must have read and understood all of the instructions in this manual before
handling the rc_reason_stack product.

Warning: If operating the rc_reason_stack with rc_visard product(s), the operator must have read
and understood all of the safety, installation, and maintenance instructions given in the rc_visard
manual.

Note: The term “operator” refers to anyone responsible for any of the following tasks performed in
conjunction with rc_reason_stack:

* Installation

» Maintenance

* Inspection

« Calibration

* Programming

» Decommissioning

This manual explains the rc_reason_stack’s various components and general operations regarding the
product’s whole life-cycle, from installation through operation to decommissioning.

The drawings and photos in this documentation are representative examples; differences may exist
between them and the delivered product.

2.1 General warnings

Note: Any use of the rc_reason_stack in noncompliance with these warnings is inappropriate and
may cause injury or damage as well as void the warranty.

2.2 Intended use

Warning: The rc_reason_stack is NOT intended for safety critical applications.

The GigE Vision® industry standard used by the rc_reason_stack does not support authentication and
encryption. All data from and to the device is transmitted without authentication and encryption and
could be monitored or manipulated by a third party. It is the operator’s responsibility to connect the
rc_reason_stack only to a secured internal network.
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Warning: The rc_reason_stack must be connected to secured internal networks.

The rc_reason_stack may be used only within the scope of its technical specification. Any other use of
the product is deemed unintended use. Roboception will not be liable for any damages resulting from
any improper or unintended use.

Warning: Always comply with local and/or national laws, regulations and directives on automation
safety and general machine safety.
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3 Installation

Warning: The instructions on Safety (Section 2) related to the rc_reason_stack must be read and
understood prior to installation.

The rc_reason_stack is a Docker-based software stacks that can be installed on machines meeting
the prerequisites given in Prerequisites. This chapter provides detailed information about installing the
rc_reason_stack software.

3.1 Offline installation guide

This section explains the manual installation of rc_reason_stack on a host system. Unlike the automated
Docker-compose workflow, the Docker images are first copied to the host machine and then loaded into
Docker manually. Follow the steps below to get the stack up and running, ready for your development
or production environment.

All commands must be executed on the host machine (not inside a container).

3.1.1 Prerequisites

Component Minimum Version

Ubuntu 22.04 LTS

NVIDIA GPU | Any RTX or Jetson Orin with minimum 8GB VRAM, or better [1]
Docker 20.10+

NVIDIA Driver | 535+ (the guide uses nvidia-driver-575-server)

[1] Tested with Nvidia RTX A4000, RTX 4000 Ada, RTX 3080, RTX 4070, RTX 4080, NVIDIA Jetson
Orin AGX

The following files are provided by Roboception and needed for installation.

File Description

rc_container-xx.yy.zz.tar | rc_container docker image
tritonserver-xx.yy.tar triton server docker image
docker-compose.yml The docker compose file
docker-compose.json The docker compose file in JSON format

Replace xx.yy.zz with the desired rc_container and tritonserver versions.

3.1.2 Install Ubuntu 24.04

This section can be skipped if a working Ubuntu 24.04 installation is present.
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For installing Ubuntu, follow the official Ubuntu installation guide under https://ubuntu.com/download/
desktop or https://ubuntu.com/download/server.

3.1.3 Install NVIDIA driver

The NVIDIA driver is required for the host to expose the GPU to Docker containers. After installing the
driver, the GPU and its capabilities should be visible with nvidia-smi. If the driver is not installed or not
loaded correctly, nvidia-smi will either not be found or will report “No devices were found”.

# Update package lists
sudo apt update

# run nvidia-detector to find the correct driver
sudo nvidia-detector

# Install the latest NVIDIA driver (replace 570 with the version that matches your GPU)
sudo apt install -y nvidia-driver-570-server

# Reboot to load the driver
sudo reboot

After the reboot, verify that the driver is active:

$ nvidia-smi

T T N NS +
| NVIDIA-SMI 570.195.03 Driver Version: 570.195.03 CUDA Version: 12.8 |
[ R LT TP L T B e +
| GPU Name Persistence-M | Bus-Id Disp.A | Volatile Uncorr. ECC |
| Fan Temp  Perf Pwr:Usage/Cap | Memory-Usage | GPU-Util Compute M. |
| | | MIG M. |
I = = |
| 0 NVIDIA RTX A4000 off | 00000000:06:00.0 Off | off |
| 41% 60C PO 37W /  140W | 10719MiB / 16376MiB | 9% Default |
I I I N/A |
B R L B e +
o e e e e e e e e e e eeeeeemememeeeeseeemeeeeseeeseeeeseeeseeeesmese-e-eemesese-asees-=—-== +
| Processes: |
| GPU GI CI PID Type Process name GPU Memory |
| ID ID Usage [
I I
|.

B T T T T T L T TR +

The table shows:
» GPU: the device ID (0, 1, ...)
Name: the GPU model (e.g., GeForce RTX 3080)
* Driver Version: the installed NVIDIA driver
CUDA Version: the CUDA toolkit that ships with the driver
» Memory-Usage: total RAM allocated to the GPU

GPU-Util: current GPU utilization percentage

If this output is displayed, the driver is correctly installed and the GPU is ready to be used by the NVIDIA
Container Toolkit and the containers.
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3.1.4 Install Docker

# Update the apt package index and install packages to allow apt to use a repository over HTTPS
sudo apt-get update
sudo apt-get install \

ca-certificates \

curl \

gnupg \

lsb-release

# Add Docker’s official GPG key
curl -fsSL https://download.docker.com/linux/ubuntu/gpg | sudo gpg --dearmor -o /usr/share/
—keyrings/docker-archive-keyring.gpg

# Set up the stable repository

echo \

"deb [arch=$(dpkg --print-architecture) signed-by=/usr/share/keyrings/docker-archive-keyring.gpgl
—https://download.docker.com/linux/ubuntu \

$(lsb_release -cs) stable" | sudo tee /etc/apt/sources.list.d/docker.list > /dev/null

# Install Docker Engine
sudo apt-get update
sudo apt-get install -y docker-ce docker-ce-cli docker-compose-plugin containerd.io

# Verify Docker installation
sudo docker --version

3.1.5 Install NVIDIA Container Toolkit

The NVIDIA Container Toolkit gives Docker the ability to see, expose, and sandbox NVIDIA GPUs inside
containers. Without it CUDA workloads cannot run in the container. The toolkit is the bridge between
Docker’s container runtime and the NVIDIA driver stack on the host

# Add the NVIDIA GPG key
sudo curl -fsSL https://nvidia.github.io/libnvidia-container/gpgkey | \
sudo gpg --dearmor -o /usr/share/keyrings/nvidia-container-toolkit-keyring.gpg

# Add the NVIDIA Container Toolkit repository
sudo curl -s -L https://nvidia.github.io/libnvidia-container/stable/deb/nvidia-container-toolkit.
—list | \

sed 's#deb https://#deb [signed-by=/usr/share/keyrings/nvidia-container-toolkit-keyring.gpgl_
—https://#g9' | \

sudo tee /etc/apt/sources.list.d/nvidia-container-toolkit.list

# Update package lists and install
sudo apt update && sudo apt install -y nvidia-container-toolkit

# Restart Docker to apply changes
sudo systemctl restart docker

# Modify /etc/docker/daemon.json. This is necessary for older docker versions
sudo nvidia-ctk runtime configure --runtime=docker

# Verify that nvidia is now available as docker runtime
docker info | grep -i runtime

For fixing an issue that lets the GPU fail after some time in the container (can be seen when nvidia-smi
in the container fails), open the file /etc/nvidia-container-runtime/config.toml and set no-cgroups
= false. After changing the configuration, start docker with:
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’sudo systemctl restart docker

Test that Docker can access the GPU:

’sudo docker run --rm --gpus all nvidia/cuda:12.1.1-base-ubuntu22.04 nvidia-smi

3.1.6 Limit docker log file size

By default docker uses the json-file logging driver with not limit on log sizes. We recommend to switch
to the local logging driver (https://docs.docker.com/engine/logging/drivers/local/) which by default limits
the max log size.

In /etc/docker/daemon.json add the following:

{

"log-driver": "local",

}

3.1.7 Install WIBU CodeMeter runtime

Install the CodeMeter runtime (https://www.wibu.com/de/support/anwendersoftware/anwendersoftware.
html) on the host system.

After installing, stop the runtime:

sudo service codemeter stop

Switch network licensing on by setting IsNetworkServer to 1 in the file /etc/wibu/CodeMeter/Server.
ini.

Start the runtime:

sudo service codemeter start

A firewall may be used to not expose the WIBU network license server in the external network (WIBU
uses the ports 22350-22352), since the license server must only be visible to the docker container.

If the CodeMeter runtime cannot be installed on the host, the environment variable CM_REMOTE_SERVER
can be set to the IP or name of a remote server. Several servers can be separated by space. The default
(i.e. empty) is to broadcast to 255.255.255.255, which usually only sees the CodeMeter instance on the
host.

3.1.8 Create network interfaces

This example shows a network setup using a separate ethernet port (enp9s0) for sensoro interface via
macvlan. Adjust the name of the ethernet port accordingly, in this example port enp9s0 will be used. For
multiple cameras (e.g. rc_viscore or multiple |rc_visard|s) create a separate network for each camera.

Create /etc/netplan/40-sensor0.yaml with content

network:

version: 2

renderer: networkd

ethernets:

enp9s0:

dhcp4: false
dhcp6: false
addresses:
- 172.23.42.1/28
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Alternative network configuration for multiple cameras can be created as follows. In this example the
interfaces enp7s0 is used for an rc_visard and interfaces ens4f0 and ens4f1 are used for an rc_viscore.

network:
version: 2
renderer: networkd
ethernets:
enp7s0:
dhcp4: false
dhcp6: false
addresses:
- 172.23.42.1/28
ens4fo:
dhcp4: false
dhcp6: false
addresses:
- 172.23.43.1/28
ens4fl:
dhcp4: false
dhcp6: false
addresses:
- 172.23.44.1/28

Change permissions and apply with:

sudo chmod 600 /etc/netplan/40-sensor@.yaml
sudo netplan apply

Create docker network with macvlan driver:

sudo docker network create -d macvlan --subnet=172.23.42.0/28 --gateway=172.23.42.1 --ip-

—range=172.23.42.8/29 -o parent=enp9s0 sensor0
# or for multiple interfaces

sudo docker network create -d macvlan --subnet=172.23.42.0/28 --gateway=172.23.42.1 --ip-

—range=172.23.42.8/29 -o parent=enp7s0 sensor0

sudo docker network create -d macvlan --subnet=172.23.43.0/28 --gateway=172.23.43.1 --ip-

—range=172.23.43.8/29 -o parent=ens4f0 sensorl

sudo docker network create -d macvlan --subnet=172.23.44.0/28 --gateway=172.23.44.1 --ip-

—range=172.23.44.8/29 -0 parent=ens4fl sensor2

Verify in docker-compose.yml (or docker-compose.json):

# docker-compose.yml with multiple sensor interfaces

#... config truncated - for readability
networks:
back-tier:
driver: bridge
sensoro:

external: true
name: sensor0

#... config truncated - for readability
services:
rc-container:
#... config truncated - for readability
networks:
- back-tier
- sensor@
#... config truncated - for readability

The docker-compose.yml for multiple interfaces is as follows.
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# docker-compose.yml with multiple sensor interfaces

#... config truncated - for readability
networks:
back-tier:
driver: bridge
sensoro:

external: true
name: sensor0
sensorl:
external: true
name: sensorl
sensor2:
external: true
name: sensor2

#... config truncated - for readability
services:
rc-container:
#... config truncated - for readability
networks:
- back-tier
- sensor0@
- sensorl
- sensor2
#... config truncated - for readability

3.1.9 Ensure network settings for GigE Vision

GigE Vision cameras stream images with high bandwidth via UDP packages. Lost packages lead to
image loss that degrades the performance of the application. To avoid that, the Ethernet read buffers
should be increased on the host. For Ubuntu, create the file /etc/sysctl.d/10-gev-perf.conf with the
following content:

# Increase readbuffer size for GigE Vision
net.core.rmem_max=33554432

Apply settings with:

sudo sysctl -p /etc/sysctl.d/10-gev-perf.conf

3.1.10 Load container images

# replace xx.yy.zz with the desired rc_container and tritonserver version
gunzip -c ./rc_container-xx.yy.zz.tar.gz | docker load
gunzip -c ./tritonserver-xx.yy.tar.gz | docker load

3.1.11 Start the Docker stack

The preferred method to start the docker-compose stack is

cd /path/to/rc_container/
# use docker-compose.yml
docker compose up -d --pull never

If the host system requires a docker-compose file in JSON format, use the following command.
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cd /path/to/rc_container/
# use docker-compose.json
docker compose -f docker-compose.json up -d --pull never

Wait a few minutes for all containers to start. The status can be monitored with:

docker compose ps

3.1.12 Access the Web GUI

Once the stack is running, the Web GUI can be accessed via:

http://<host-ip>:8080/

3.1.13 Troubleshooting

Symptom Likely Cause Fix
docker: error: driver nvidia | NVIDIA  driver /| Re-run the NVIDIA Container Toolkit in-
does not support the requested | Docker integration | stallation and reboot

device mismatch

Containers fail to start Wrong network | Ensure a Docker network named sensor@
name exists

Web GUI not reachable Containers not up docker compose logs to inspect errors

Very low depth image frame | GPU does not work | Verify by running nvidia-smi on the host

rate in container and inside the container and fix problems

[2]

[2] If nvidia-smi on the host fails, ensure that packages are consistent, because an unattended upgrade
under Ubuntu may upgrade the Nvidia driver, but not the Nvidia toolkit. This can be fixed by running sudo
apt update && sudo apt upgrade manually. Unattended upgrades may be disabled. If nvidia-smi
fails inside the container, ensure that no-cgroups = false in /etc/nvidia-container-runtime/
config.toml and restart docker if the configuration had to be changed. This configuration file may
have been overwritten by an update of the Nvidia container toolkit.

3.2 Software license

The rc_reason_stack ships with a USB dongle for licensing and protection of the installed software
packages. The purchased software licenses are installed on and are bound to this dongle and its ID.

The functionality of the rc_reason stack can be enhanced anytime by upgrading the license (Section
7.2), e.g., for optionally available software modules.

Note: The rc_reason_stack requires to be restarted whenever the installed licenses have changed.

Note: The dongle ID and the license status can be retrieved via the rc_reason_stack’s various
interfaces such as the System — Firmware & License page of the Web GUI (Section 6.1).

Note: For the software components to be properly licensed, the USB dongle must be plugged to the
rc_reason_stack before power up.
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Note: The rc_reason_stack requires to be restarted, whenever the license dongle is plugged to or
unplugged from the device.

3.3 Connection of cameras

The rc_reason_stack offers up to four software camera pipelines for processing data from the connected
sensors. The configuration of the camera pipelines is explained in Camera pipelines (see Section 3.3).
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4 Camera pipelines

The rc_reason_stack supports multiple cameras at the same time. For this, it offers up to four camera
pipelines that can be configured by the user.

A camera pipeline contains several software modules which are responsible for acquiring data of the
camera connected to that pipeline, performing detections or configuring modules used in this pipeline,
e.g. by hand-eye calibration.

The rc_reason_stack supports cameras of type rc_visard, rc_viscore, zivid, Orbbec and Stereo ace.
The type of the corresponding camera pipeline has to be configured to match the connected device.

4.1 Configuration of camera pipelines

The camera pipelines can be configured via the Web GUI (Section 6.1) under System — Camera
Pipelines. This page shows the running pipelines with their types and the connected devices.

roboceptlon rc_reason_sta tem > Camera Pipelines e ) —

Running Camera Pipelines
peine 0
Pipeline Type Connected Camera Device Filter
rc_visard 65m sensor0:*
peine
Pipeline Type Connected Camera Device Filter
rc_visard 160m-6 sensortl:*

llapse Sidebar

Fig. 4.1: Example of the Camera Pipelines page on an rc_reason_stack with two running pipelines of
type rc_visard

Clicking on Configure Camera Pipelines allows to configure the number and type of running pipelines
as shown in the next figure.
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Configure Camera Pipelines

Pipeline 0 re_visard

Pipeline 1 rc visard
Pipeline 2 (not running)
Pipelines vty

Cancel

Fig. 4.2: Configuring the camera pipelines

The type of a running pipeline can be changed by selecting a different type in the drop down field. A
running pipeline can be removed by clicking Remove Pipeline. Only pipeline 0 can never be removed,
because this is the primary pipeline. Clicking on + Add Pipeline allows to choose the type for the new
pipeline and creates a new pipeline of the chosen type.

Once the pipelines are configured as desired, clicking Apply Changes will apply the new configuration.
Then, the rc_reason_stack has to be restarted for the changes to take effect.

4.2 Configuration of connected cameras

A pipeline of a certain type can only discover devices of the same type. That means, a pipeline of type
rc_visard can only connect to an rc_visard. In case multiple cameras of the same type are connected
to the rc_reason_stack, the user can set a device filter to choose a specific camera for each pipeline.
The current device filter value is displayed for each running pipeline as shown in Fig. 4.1. By default,
the device filter is set to *, which means that any device matching the pipeline type will automatically be
connected, but only if there is a unique match. Otherwise, no camera will be connected to that pipeline
and an error will be shown.

To adjust the device filter and select the camera to be connected to a pipeline, click on Configure
Camera Connection on the Camera Pipelines page, or select the corresponding pipeline in the menu,
e.g. under System — Camera Pipelines — Pipeline 1. This will show the current device filter value and
more information about the connected camera.
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roboceptlon re_re > Camera Pipelines > Pipeline 0.

rc_reason_stack \?\) EN Vv

Pipeline 0: rc_visard Camera Connection

Device Filter sensor0:* Choose Camera

-8

Software Update Upload rc_visard Update
B7y Camera Pipelines
{;ﬂ Pipeline 0 Camera Log Files Download rc_visard Log Files
eline

Camera Infermation Device Type Model Name
re_visard re_visard 65m
User-defined Name Serial Number
re_visard 65m 1000
Camera Version IMU Available
25.10.0 no
Calibration Supported Camera Ready
no yes

Camera Connection IP Address Link Speed (Mbit/s)

1000

GigEVision Packet Size Image Latency (s)
0 0.00277265
Complete Buffers Incomplete Buffers
51478 0

Fig. 4.3: Configuring the camera connection of pipeline 0

Clicking Choose Camera opens a dialog to edit the device filter.

—

Choose Camera

Please enter a filter text that specifies a single camera only (interface and/or name/serial).

Filter Text sensor0:* Info
Discovered Cameras Infa
Interface  Name Serial Model Name Free to use?
sensord re_visard 160m 02937713 rc_visard 160m No

sensorl re_visard 65m 02940289 rc_visard 65m Yes

“ Cancel

UBSSSSSSSESSE e e e ]

Fig. 4.4: Choosing the camera by setting a device filter

This dialog also shows a list of all discovered devices matching the pipeline type and highlights the ones
that match the current value entered for the device filter. It also indicates if the devices are already in
use in a different pipeline. Device filters can be selected by clicking on an Interface, Name or Serial of
the desired device in the list. The following table shows possible device filter values.
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Table 4.1: Possible device filter values

Device filter Description

* selects any device matching the pipeline type

sensor<n>:* selects any device connected via the sensor<n> interface that matches the
pipeline type

<name> selects the device by the user-defined name

<serial> selects the device by the full serial number

sensor<n>:<serial> | selects the device connected via the sensor<n> interface with the given serial
sensor<n>:<name> | selects the device connected via the sensor<n> interface with the given
user-defined name

if empty, no camera will be connected

By pressing Save, the entered device filter is applied and a camera matching the device filter is
connected to this pipeline, if possible. Changing the device filter does not require a restart of the
rc_reason_stack.
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5 Software modules

The rc_reason_stack comes with several software modules, each of which corresponds to a certain
functionality and can be interfaced via its respective node in the REST-API interface (Section 6.2) or in

the Generic Robot Interface (Section 6.3).

The rc_reason_stack offers the possibility to connect multiple 3D cameras such as the rc_visard. The
image data from each device is processed in a separate camera pipeline, which consists of several
different software modules. The modules inside each pipeline are pipeline specific, which means that
they can have different parameters for each pipeline. The modules running outside the pipelines are
global and provide data for all modules in all pipelines. An overview is given in Fig. 5.1.

The port numbers are given for the default installation as described in Installation (Section ??) and may

be changed in the docker compose file.

|gRPC (Port 50051)

EKI (Port 7000) >

8RPL (FOrt 5V9524)
RPC (Port 50052) >
| EKI(Port 7001)

»

__|gRPC (Port 50053)
"_ EKI (Port 7002) >

>

__|gRPC (Port 50054)
'<_ EKI (Port 7003) »>

>

Ii;la‘t?ijse —»!  Camera & 3D | | Configuration | | Detection
odules I
3D Camera 0 EK} »! Modules Modules Modules
| Pipeline 0
e e TR —
| | Camera & 3D | | Configuration Detection
3D Camera 1 EK} » | Modules Modules Modules
I
1 Pipeline 1
> _Pipeline2..
3D Camera 2 l:m pelnes..
e
3D Camera3[ ] » __________--Ppelnes..
rc_reason_stack
A
Rest API Generic Robot Interface
(Port 8080) (Port 7100)
\J

Fig. 5.1: Overview of the pipeline-specific and global software modules on the rc_reason_stack

The rc_reason_stack’s pipeline-specific software modules can be divided into

» Camera module (Section 5.1) acquires images and performs planar rectification for using the
camera as a measurement device. Depending on the chosen camera pipeline type, this
module offers different run-time parameters.

* 3D modules (Section 5.2) which provide 3D depth information such as disparity, error, and con-

fidence images,

» Detection & Measure modules (Section 5.3) which provide a variety of detection functionalities,

such as grasp point computation and object detection,

» Configuration modules (Section 5.4) which enable the user to perform calibrations and config-
ure the rc_reason_stack for specific applications.
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The modules that are global for all camera pipelines running on the rc_reason_stack are the

» Database modules (Section 5.5) which enable the user to configure global data available to all
other modules, such as load carriers, regions of interest and grippers.

5.1 Camera module

The camera module is a base module which is available on every rc_reason_stack and is responsible
for image acquisition and rectification. It provides various parameters, e.g. to control exposure and
frame rate.

Note: Depending on the chosen camera pipeline type, this module offers different run-time parame-
ters.
5.1.1 Pipeline types rc_visard and rc_viscore

5.1.1.1 Parameters

The camera module is called rc_camera and is represented by the Camera page in the desired pipeline
in the Web GUI (Section 6.1). The user can change the camera parameters there, or directly via the
REST-API (REST-API interface, Section 6.2).

Parameter overview

Note: The minimum, maximum and default values in the parameter table below show the values of
the rc_visard. The values will be different for other camera models and for the rc_viscore pipeline.

This module offers the following run-time parameters:
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Table 5.1: The rc_camera module’s run-time parameters on a
pipeline of type rc_visard

Name Type Min Max Default Description

acquisition_mode string - - Continuous | Acquisition mode: [Continuous,
Trigger]

exp_auto bool false true true Switching between auto and man-
ual exposure (deprecated, please
use exp_control instead)

exp_auto_average_max | float64 0.0 1.0 0.75 Maximum average intensity in Auto
exposure mode

exp_auto_average_min | float64 0.0 1.0 0.25 Minimum average intensity in Auto
exposure mode

exp_auto_mode string - - Normal Auto-exposure mode:  [Normal,
Out1High, AdaptiveOut1]

exp_control string - - Auto Exposure control mode: [Manual,
Auto, HDR]

exp_height int32 0 959 0 Height of auto exposure region. 0
for whole image.

exp_max floaté4 | 6.6e-05 | 0.018 0.018 Maximum exposure time in seconds
in Auto exposure mode

exp_offset_x int32 0 1279 0 First column of auto exposure re-
gion

exp_offset_y int32 0 959 0 First row of auto exposure region

exp_value floaté4 | 6.6e-05 | 0.018 0.005 Exposure time in seconds in Manual
exposure mode

exp_width int32 0 1279 0 Width of auto exposure region. 0 for
whole image.

fps float64 1.0 25.0 25.0 Frames per second in Hertz

gain_value float64 0.0 18.0 0.0 Gain value in decibel if not in Auto
exposure mode

gamma float64 0.1 10.0 1.0 Gamma factor

trigger_activation string - - RisingEdge | Trigger activation:  [RisingEdge,
FallingEdge, AnyEdge]

trigger_source string - - Software Trigger source: [Software, In1, In2,
In3, In4]

wb_auto bool false true true Switching white balance on and off
(only for color camera)

wb_ratio_blue float64 | 0.125 8.0 24 Blue balance ratio if wb_auto is
false (only for color camera)

wb_ratio_red float64 | 0.125 8.0 1.2 Red balance ratio if wb_auto is false

(only for color camera)

Description of run-time parameters

Each run-time parameter is represented by a row on the Web GUI's Camera page. The name in the
Web GUI is given in brackets behind the parameter name and the parameters are listed in the order
they appear in the Web GUI.
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I'Oboceptlon fe_reasol > Plpeline 0: v = Camera rc_reason_stack @ EN Vv

SE,E Dashboard

[0]q Pipeline 0: rc_visard
[#]] camera
42> Depth Image

@ Modules

1280 x 960

> |0Control Setti HgS Out1 / Projector ExposureAlternateActive Info

Camera Settings Reset
FPS (H2) 25 Info
Gamma 1 Info
Exposure Info
® Auto Max Exposure Time (s) —_— 0.018 Info
Auto Exposure Mode ® Normal OutTHigh AdaptiveOut1 Info
Max Brightness 0.75 Info
Min Brightness — 0.25 Info
Exposure Regian
Offset X (pixel) 0 Info
Offset Y (pixel) 0 Info
Width (pixel) 0 Info
Height (pixel) 0 Info
HDR
Manual

White Balance

® Auto

Manual

Collapse Sidebar

Fig. 5.2: The Web GUI's Camera page

fps (FPS (Hz))

This value is the cameras’ frame rate (fps, frames per second), which determines the upper
frequency at which depth images can be computed. This is also the frequency at which the
rc_reason_stack delivers images via GigE Vision. Reducing this frequency also reduces the
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network bandwidth required to transmit the images.
Via the REST-API, this parameter can be set as follows.

API version 2

’ PUT http://<host>/api/v2/pipelines/<0,1,2,3>/nodes/rc_camera/parameters?fps=<value> ‘

API version 1 (deprecated)

’ PUT http://<host>/api/v1l/nodes/rc_camera/parameters?fps=<value> ‘

gamma (Gamma)

The gamma value determines the mapping of perceived light to the brightness of a pixel. A
gamma value of 1 corresponds to a linear relationship. Lower gamma values let dark image
parts appear brighter. A value around 0.5 corresponds to human vision.

Note: For a pipeline of type rc_visard this value can only be changed when the con-
nected rc_visard has at least firmware version 22.07. Otherwise the gamma value will
always be 1.0.

Via the REST-API, this parameter can be set as follows.

API version 2

’PUT http://<host>/api/v2/pipelines/<0,1,2,3>/nodes/rc_camera/parameters?gamma=<value> ‘

API version 1 (deprecated)

’ PUT http://<host>/api/v1l/nodes/rc_camera/parameters?gamma=<value> ‘

exp—control (Exposure Auto, HDR or Manual)

The exposure control mode can be set to Auto, HDR or Manual. This replaces the depre-
cated exp_auto parameter.

Auto: This is the default mode in which the exposure time and gain factor is chosen auto-
matically to correctly expose the image. The last automatically determined exposure and
gain values are set into exp_value and gain_value when switching auto-exposure off.

HDR: The HDR mode computes high-dynamic-range images by combining images with
different exposure times to avoid under-exposed and over-exposed areas. This decreases
the frame rate and is only suitable for static scenes.

Manual: In the manual exposure mode the exposure time and gain are kept fixed indepen-
dent of the resulting image brightness.

Note: For a pipeline of type rc_visard the HDR mode is only available when the con-
nected rc_visard has at least firmware version 23.01.

Via the REST-API, this parameter can be set as follows.

API version 2

PUT http://<host>/api/v2/pipelines/<0,1,2,3>/nodes/rc_camera/parameters?exp_control=
—<value>

API version 1 (deprecated)
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PUT http://<host>/api/v1l/nodes/rc_camera/parameters?exp_control=<value> ‘

exp_auto_mode (Auto Exposure Mode)

The auto exposure mode can be set to Normal, Out1High or AdaptiveOut1. These modes
are relevant when the rc_reason_stack is used with an external light source or projector
connected to the camera’s GPIO Out1, which can be controlled by the I0Control module (/O
and Projector Control, Section 5.4.4).

Normal: All images are considered for exposure control, except if the IOControl mode for
GPIO Out1 is ExposureAlternateActive: then only images where GPIO Out1 is HIGH will be
considered, since these images may be brighter in case GPIO QOut1 is used to trigger an
external light source.

Out1High: This exposure mode adapts the exposure time using only images with GPIO
Out1 HIGH. Images where GPIO Out1 is LOW are not considered at all, which means,
that the exposure time does not change when only images with Out1 LOW are acquired.
This mode is recommended for using the acquisition_mode SingleFrameOutl in the stereo
matching module as described in Stereo Matching Parameters (Section 5.2.1.1) and having
an external projector connected to GPIO Out1, when changes in the brightness of the scene
should only be considered when Out1 is HIGH. This is the case, for example, when a bright
part of the robot moves through the field of view of the camera just before a detection is
triggered, which should not affect the exposure time.

AdaptiveOut1: This exposure mode uses all camera images and tracks the exposure dif-
ference between images with GPIO Out1 LOW and HIGH. While the IOControl mode for
GPIO Out1 is LOW, the images are under-exposed by this exposure difference to avoid
over-exposure for when GPIO Out1 triggers an external projector. The resulting exposure
difference is given as Out1 Reduction below the live images. This mode is recommended for
using the acquisition_mode SingleFrameOutl in the stereo matching module as described
in Stereo Matching Parameters (Section 5.2.1.1) and having an external projector connected
to GPIO Out1, when changes in the brightness of the scene should be considered at all
times. This is the case, for example, in applications where the external lighting changes.

Via the REST-API, this parameter can be set as follows.

API version 2

PUT http://<host>/api/v2/pipelines/<0,1,2,3>/nodes/rc_camera/parameters?exp_auto_mode=
—<value>

API version 1 (deprecated)

PUT http://<host>/api/v1l/nodes/rc_camera/parameters?exp_auto_mode=<value>

exp—_max (Max Exposure)

This value is the maximal exposure time in auto-exposure mode in seconds. The actual ex-
posure time is adjusted automatically so that the images are exposed correctly. If the maxi-
mum exposure time is reached, but the images are still underexposed, the rc_reason_stack
stepwise increases the gain to increase the images’ brightness. Limiting the exposure time
is useful for avoiding or reducing motion blur during fast movements. However, higher gain
introduces noise into the image. The best trade-off depends on the application.

Via the REST-API, this parameter can be set as follows.
API version 2
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’PUT http://<host>/api/v2/pipelines/<0,1,2,3>/nodes/rc_camera/parameters?exp_max=<value> ‘

API version 1 (deprecated)

’ PUT http://<host>/api/v1l/nodes/rc_camera/parameters?exp_max=<value> ‘

exp_auto_average_max (Max Brightness) and exp_auto_average_min (Min Brightness)

The auto-exposure tries to set the exposure time and gain factor such that the average
intensity (i.e. brightness) in the image or exposure region is between a maximum and a
minimum. The maximum brightness will be used if there is no saturation, e.g. no over-
exposure due to bright surfaces or reflections. In case of saturation, the exposure time and
gain factor are reduced, but only down to the minimum brightness.

The maximum brightness has precedence over the minimum brightness parameter. If the
minimum brightness is larger than the maximum brightness, the auto-exposure always tries
to make the average intensity equal to the maximum brightness.

The current brightness is always shown in the status bar below the images.
Via the REST-API, this parameter can be set as follows.

API version 2

PUT http://<host>/api/v2/pipelines/<0,1,2,3>/nodes/rc_camera/parameters?<exp_auto_
—,average_max|exp_auto_average_min>=<value>

API version 1 (deprecated)

PUT http://<host>/api/v1l/nodes/rc_camera/parameters?<exp_auto_average_max|exp_auto_
—average_min>=<value>

exp_offset_x, exp_offset_y, exp_width, exp_height (Exposure Region)

These values define a rectangular region in the left rectified image for limiting the area used
for computing the auto exposure. The exposure time and gain factor of both images are
chosen to optimally expose the defined region. This can lead to over- or underexposure of
image parts outside the defined region. If either the width or height is 0, then the whole left
and right images are considered by the auto exposure function. This is the default.

The region is visualized in the Web GUI by a rectangle in the left rectified image. It can
be defined using the sliders or by selecting it in the image after pressing the button Select
Region in Image.

Via the REST-API, this parameter can be set as follows.

API version 2

PUT http://<host>/api/v2/pipelines/<0,1,2,3>/nodes/rc_camera/parameters?<exp_offset_
—Xx|exp_offset_y|exp_width|exp_height>=<value>

API version 1 (deprecated)

PUT http://<host>/api/v1/nodes/rc_camera/parameters?<exp_offset_x|exp_offset_y|exp_
—width|exp_height>=<value>
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exp_value (Exposure)

This value is the exposure time in manual exposure mode in seconds. This expo-
sure time is kep