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Governance
	Category
	Ember+
	AES70
	Catena
	NMOS Suites
	Comments

	References
	[2], [3]
	[1]
	[4] [5]
	[6]
	

	Standard?
	No
	Yes, from AES:
AES70-1-2024
AES70-2-2024
AES70-3-2024
AES70-4-2024 (WIP)
AES70-21-2024 (WIP)
AES70-22-2024 (WIP)
	Yes, SMPTE ST-2138-x, in progress
	Yes, from AMWA
NMOS suites cover different areas like:
Resource Management, Connection Management, Device Control & Monitoring, Device Configuration, Security Recommendations.
For Device Control specifically the following specs are relevant:
· MS-05-02,
· IS-12,
· BCP-008-01
· BCP-008-02

	

	Industry Sponsors
	Lawo
	AES + member companies of OCA Alliance
	IABM, Control Plane WG, SMPTE
	AMWA, VSF, IPMX, AIMS, JT-NM, EBU
	

	Open Source
	Yes
	Variety of resources -   portal page here.  
Three new projects are currently active. 
	Yes
	Yes. All AMWA NMOS specs are open source and free of charge.
	

	Public SDK
	Yes
	No formal SDK. Older reference implementation  here, new reference implementation WIP in OCA Alliance.  Various commercial libraries here: http://deuso.de/aes70/
	Yes
	Open-source framework for nodes and registries available as nmos-cpp.
Open-source testing framework.
Open-source sender/receiver framework.
Open-source device control mock.
Full list of solutions here.
	

	Languages
	C++
	C++,C#,jscript, python (WIP), swift (WIP)
	C++, Java
	C++, Python, Javascript, Typescript, Rust
	

	License
	Boost Software License V1.1
	Free software is Apache 2 or MIT. No copyleft licenses.
	BSD 3-Clause
	nmos-cpp (Apache 2.0),
specifications (combination of Apache 2.0 and CC BY-ND 4.0)
	

	
	
	
	
	
	



Technical
	Category
	Ember+
	AES70
	Catena
	NMOS IS-x Suite
	Comments

	Schemas for Protocol Objects
	Yes, Abstract Syntax Notation
	UML (XMI format available)
	Yes, protobuf IDL and JSON-schema
	Yes, JSON-schemas and JSON descriptors are available
	

	Serialization / object encoding
	Yes, EmBER
(embedded basic encoding rules), binary format
	Binary ("OCP.1");
JSON/XML ("OCP.2") is in late-stage draft.
	Yes, binary and JSON
	JSON
	

	Defines Network Message Formatting
	Yes, S101 packetization protocol
	Yes, for both binary and JSON/XML.
	No, deferred to connection manager. Support for gRPC and REST
	No. HTTP/HTTPS and WebSocket/WSS used
	

	Preferred Transport
	S101
	TCP, SSL, UDP, WebSocket, or point-to-point link.
	HTTPS/2 (gRPC)
HTTPS/1.1 (REST)
	HTTP/HTTPS and WebSocket/WSS subject to deployment environment.
	

	Device Partitioning
	No
	No
	Yes
	Yes
	e.g. present a 4M/E switcher as 2 2M/E switchers

	Reference sub-devices
	Unknown
	Yes, via the "reusable block" feature.
	Yes, device models can import definitions via URL
	Yes by deriving from standard classes defined in MS-05-02 or the control feature sets register
	e.g. there’s a reference 4-band eq definition that can be imported by devices wishing to have 4-band eq controls

	Self-describing?
	Yes
	Depends on controller.  AES70 supports full discovery and enumeration, so any degree of controller automation is possible.
	Yes
	Yes
	i.e. clients can be “dumb” but provide reasonable GUIs  without prior knowledge of devices they meet online

	Discovery
	EmBER Service Discovery_v0.2.docx

	Normally mDNS/DNS-SD
	In design – also looking at DNS-SD
	Yes. mDNS and unicast DNS-SD both supported
	

	Performance & Scaling
	
	High network efficiency.  Event-driven: no polling, ever.  Nominal design goal is at least 10,000 devices.  
	Subscriptions to minimize traffic
	NMOS Registries make an entire NMOS system discoverable and observable.
IS-12 supports subscriptions for changes delivered by notifications.

	

	Web Client Direct Access
	No (S101)
	Yes.  For example, see the open-source library aes70.js, here.
	gRPC: no
REST: yes
	Yes. Either REST over HTTP/HTTPS or WebSocket/WSS messages
	

	Deterministic
	Unknown
	No, but protocol procedures are not processing-intensive, which allows fast response.  Also, timed task scheduling features are available.
	Unknown
	Reliable transports used with near-real time responsiveness as a goal for implementations.
	If an operator presses a button the associated action happens within a defined and repeatable time.

	Port Agility
	Unknown
	No particular port constraints;  standard conforms to normal IP practice.
	Yes (gRPC)
	Yes, media nodes can configure which services run on which ports.
	Ability for devices to listen on configurable IP ports

	Ease of integration
	Unknown
	AES70 is generally sensible and regular.  One experienced implementer got it working in one day, using available tools and libraries.
	Intel got a service integrated same-day
	Free of charge accessible specs, open-source frameworks and implementation guides make the integration journey easier
	How long to go from zero to working device

	
	
	
	
	
	

	
	
	
	
	
	



Dependencies
	Category
	Ember+
	AES70
	Catena
	NMOS IS-x Suite
	Comments

	Hard Cost Items
	
	None
	
	None
	e.g. patent licenses

	RAND
	
	None
	
	RAND-Z. Requires any contributions to be made available on a reasonable and non-discriminatory basis at zero cost.
	Reasonable and non-discriminatory

	
	
	
	
	
	

	
	
	
	
	
	



Security
	Category
	Ember+
	AES70
	Catena
	NMOS IS-x Suite
	Comments

	Secure Comms (TLS)
	No
	Yes, relies on SSL
	Yes, relies on HTTP/1.1 or HTTP/2 to provide this
	Yes,
BCP-003-01
	Confidentiality
Integrity

	Zero Trust
	No
	No
	Yes, defines access scopes for monitor, operate, configure, and administer workflows. OAuth2 based
	Yes, via IS-10 profile for OAuth2
	Non-repudiation
Fine-grained Access Control
Support for Roles

	Transport Redundancy
	Unknown
	Yes.  Flexible network model allows any degree of redundancy.
	No, delegated to cloud architectures such as load balancers, service mesh, proxies
	Yes, by using appropriate architectures
	Availability

	NAT Traversal
	
	No special features.  Using the WebSocket transport option will allow browser-style net traversal.
	
	No special features. Workarounds may be available with proxies and the VSF TR-09/GCCG work.
	Device can reach out to establish bi-directional comms. One implementation could be an MQTT broker at a public endpoint

	Registration Access Control
	
	No features.
	
	Yes – via IS-10
	

	IAM Integration
Support for Service accounts
	
	No features.
	
	IS-10 can be used with external IAM services.
	Identity and Access Management

	Fail open/closed
	
	No features.
	
	NMOS security follows industry best practices.
	

	
	
	
	
	
	



Internationalization
	Category
	Ember+
	AES70
	Catena
	NMOS IS-x Suite
	Comments

	Devices / Services provide Multi-language Support for UIs
	No
	No (check again with JB)
UTF-8 character set is used.
	Yes
	Yes
	

	Specifications / Standards available in multiple languages
	
	Protocol specification is currently in English and Chinese.  
	
	Specifications only available in English at the moment.
	

	
	
	
	
	
	



Market Adoption & Maturity
	Category
	Ember+
	AES70
	Catena
	NMOS IS-x Suite
	Comments

	Publication Date
	2012
	2024
	2025 (planned)
	- IS-04 first released in 2016 (latest update in 2024)
- IS-05 first released in 2017 (latest update in 2022)
- MS-05-02 and IS-12 released in 2023
	

	Users
	30 companies listed on open source site
	List of known AES70 products is here.  About 80 products from 12 manufacturers.  At least four more manufacturers are working on AES70 products. Current focus is on professional audio.
	As an evolution of openGear protocol, there are 150 openGear Partners who could readily transition to Catena
	Many NMOS enabled products already available.
Vast majority of 2110 compliant devices are NMOS.
JT-NM TR-1001 lists NMOS requirements in its recommendations.
List of 2022 NMOS JT-NM tested devices available.
All future upcoming IPMX devices are NMOS devices as defined in VSF TR-10-08.
	

	
	
	
	
	
	


Benchmarks
	Category
	Ember+
	AES70
	Catena
	NMOS IS-x Suite
	Comments

	Embedded Host w/o Crypto Acceleration
	
	Anecdotal information only, e.g.  Bosch uses a 500-node test system to verify <10 ms response times.
	
	NMOS support available in many embedded hosts.
	We need to agree on a useful metric – messages / second, CPU, Memory, Network resource usage

	Embedded Host with Crypto Acceleration
	
	No information
	
	Same as above.
	

	Server Class Host
	
	See note above.
	
	NMOS support available on server class hosts.
NMOS Registry and nodes scalability tests performed around IS-04/IS-05.
	

	Ground - Cloud
	
	No information.
	
	VSF ground – cloud work interoperates with the NMOS ecosystem.
AMWA cloud test system available for members.
EBU DMF white paper makes references to NMOS.
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