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Background



Zenoh: The RMW Alternate
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Zenoh has been selected as the first non-DDS protocol to

be natively supported in ROS2

2023-09 ROS 2 RMW alternate
Intrinsic is already

User Challenges with DDS
DDS has a fully-connected graph of participants
DDS uses UDP multicast for diSCOVEIY.........ooii ittt e
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I l I I p I e l I | e n t I n g Ze n O h R IVI W DDS can have difficulty transferring large data.............ccocveiioe e,
DDS can struggle on some WiFi networks

DDS tends to have complex tuning parameters
Vendor specific non-standard DDS extensions..........cc..ovieioiiiciieieis e

as the major contribution e —————————— :
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Demographics
TECHNICAI DALA. ... e et et e e e e e ene e e 6
O r n ext R O S 2 re | e a S e Alternative middleware OptiONS.............iiiiiiiee e e
Requirements
Comparative analysis of currently available middlewares
Complete list of investigated middlewares...............ooooeeeeiiiin i
Performance

The full report is available

Conclusion

Requirements from ROS 2 users were gathered, and middleware options that are available
today were investigated. The research has concluded that Zenoh best meets the requirements,
and will be chosen as an alternative middleware. Zenoh was also the most-recommended
alternative by users. It can be viewed as a modern version of the TCPROS implementation,
and meets most of the ROS 2 requirements. There are still a number of design decisions to be
made regarding this implementation; those details will be discussed on https://discourse.ros.org
as development begins.



https://discourse.ros.org/uploads/short-url/o9ihvSjCwB8LkzRklpKdeesRTDi.pdf

Middleware options
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Zenoh stands-out as the
protocol that satisfies
essentially all requirements
identified by the survey
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Pub/Sub/Query protocol that Unifies data
in motion, data at rest and computations
from embedded microcontrollers up the

data centre

Provides location-transparent
abstractions for high performance pub/

sub and distributed queries across

heterogeneous systems

Z enOh Built-in support for zero-copy

and shared memory

Dragonsteach us thatifwe wantto climb high we have todo itagainst the wind.
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Runs Everywhere

SecH
Written in Rust for security, safety and performance =

Native libraries and API bindings for many programming languages, e.g.,
Rust, C/C++, Python, JS, REST, C# and Kotlin

Built-in support Shared Memory and Zero Copy
Supports network technologies from transport layer down-to the data
link. Currently runs on, TCP/IP, UDP/IP, QUIC, Serial, Bluetooth,

OpenThreadX, Unix Sockets.
Available on embedded and extremely constrained devices and

networks — 5 bytes minimal overhead Physical
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Any Topology

Clique Mesh

Peer-to-peer

Cligue and mesh topologies
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Any Topology
Clique Mesh
Peer-to-peer
Cligue and mesh topologies

Brokered

Brokered Routed

Clients communicate through
a router or a peer
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Any Topology

Clique Mesh

Ko
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Peer-to-peer

Cligue and mesh topologies

Brokered

Clients communicate through
a router or a peer

Routed

Routers forward data to and
from peers and clients

Brokered Routed
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Topology in Perspective
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Plug-Ins

Storage Plugins Runtime Plugins Protocol Plugins
' Zenoh Flow
influxdb =
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rmw zenoh

An RMW implementation based on Zenoh
S



ROS 2 —Modular Architecture

User Applications
r [ Sensors ] [ planning j ( control j [ rviz j
e ol dds rclepp (C++ AFI) rclpy (Python API) rcljava (Java API)
+ Exec. with std::thread + Exec. with Thread + java.lang.Thread 000
+ Intra-Process Comms + Intra-Process Comms + Intra-Process Comms
+ Type Adaption + Type Adaption + Type Adaption
rcl (C API / optional C++ Implementation) httDSHﬂlth ub.co m/rUSZIr mw zenoh
+ Actions + Time )
+ Parameters + Console Logging
| + Names + Node Lifecycle
rmw zenoh C
rmw (E API} ---------------------- Ep- d
+ Pub/Sub with QoS + Services with QoS + Discovery + Graph Events
T zenoh-c
| Cyclone DDS or Fast DDS or Connext DDS or w SR
zenoh
* Intra-FProcess Comms and Type Adaption could be implemented
in the client library, but may not currently exist.

htips./docs.ros.org/en/rolling/Concepis/Advanced/About-intermal-Interfaces. himitinternal-api-architecture-overview
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Zenoh Router

Local Communication

> rosZ2 run rmw.zenoh cpp zenohd
. ® The router listen on tcp/0.0.0.0:7447

® Fach Node connect to the router on tcp/
127.0.0.1:7447

® The router acts as a broker for endpoints
discovery

® Nodes establish peer-to-peer connections
via 127.0.0.1

® Select the transport for local communication
independently than that for R2X

Endpoints Gossip discovery via the loopback Y _
® | everage SHM Optimisation (coming up)

—— Peer-to-peer communication via the loopback
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Zenoh Router

External Communications
(R2X):

® May use different transport for
R2X, i.e. TCP, TLS, QUIC, etc.

Zenoh Router ® Transparent Batching and

" compression

Nod Nod
4 0 eJ ‘ 9 e' e Access Control and

—Z— —L Downsampling

[’ Node | Node}

® Smaller surface of attack
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Other configurable topologies

https://github.com/ros2/rmw_zenoh

Host 2
/ N
+ Zenoh Router %

V{ Node 4 <«

Node 1 ""/ Node 3 ‘
\ y \//
Node 2 ‘</ )

TCP TCP UDbP TCP

Discovery Transport multicast Transport
Discovery


https://github.com/ros2/rmw_zenoh
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Router for discovery,
but peer-to-peer communications



If router crashes, peer-to-peer communications remain

[+] guestijazzy: =fwi_rmw_zench

S rosZ run rm_zenoh_cpp rnw_zenﬂhd[J

guestipjazzry: ~/ws_rmw_zenoh Q = [+ guestibjarry: ~/ws rmw_renoh A =

S rosd run demo_nodes_cpp talker : $ ros2 run demo_nodes_cpp llitenedw
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Discovery is robust



10 Nodes, 1000 Topics discovered in less than 1s over WiFi

guestijazzy: ~/ws_rmw _zenoh ] = - u| * [ root@colima: fros_ws

S5 ros2 run rmw_zenoh_cpp rmw_zenohd root@colima: /ros _ws# grep -A3 " connect:" zenoh_confs/ROUTER_CONFIG.
jsonsb

¢

endpoints: [
"tcp/192.260.48.12:7447"

I

root@colima: /fros w5#|

guestidjazzy: ~/ws_rmw_zenoh 2 I * [+ rooti@colima: fros_ws

: 5 for 1 in {1..18}; do rosZ run cpp_pubsub t root@colima: /ros_ws# ros?2 topic list --nu-ddemuﬁ]
node:=N 51 & sleep 8.1 ; dﬂré_
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Transport reliably over many network hops
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Downsample when needed
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Known limitations

. rclcpp: : shutdown () must explicitly be called
before program termination.

. Router must be manually started (for now).

. Liveliness and deadline QoS events not supported.
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Thank You

Patience, persistence and perspiration
make an unbeatable combination for
success.
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