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Abstract:  
 

The Industrial Internet of Things represents a fundamental shift in the monitoring, 

configuration, and optimization of industrial assets throughout their lifecycle. Long 

before the term "IIoT" entered mainstream usage, the process automation industry 

began embedding digital intelligence directly into field instruments such as transmitters, 

valves, and analyzers. This article looks at how moved from using simple analog 

instruments to advanced smart field devices, discusses the importance of open 

communication standards like the Highway Addressable Remote Transducer protocol, 

Device Description Language, and Electronic Device Description Language, and 

explores how Honeywell Field Device Manager became a leading platform for 

connecting smart devices. This article shares insights from my work at Honeywell FDM 

from 2003 to 2011, where I moved from being a founding software engineer to a project 

lead, and it highlights important advancements in design, communication methods, and 

standard practices that allowed for remote setup, troubleshooting, and management of 

industrial devices on a large scale. These innovations materially influenced industry 

standards, competitive platforms, and the technological foundations of modern IIoT 

systems. 

 

1. Introduction 
 

1.1 Industrial Operations and Field 

Instrumentation 

 

Industrial operations such as oil and gas, refining, 

chemicals, power generation, and pulp and paper 

rely on vast networks of field instruments to 

measure, control, and safeguard physical processes 

[1]. For decades, these instruments operated largely 

as isolated analog components, providing limited 

visibility beyond a single process variable. As 

plants grew larger and more complicated, not being 

able to access device diagnostics and configuration 

data from a distance became a major operational 

bottleneck. These developments made companies 

rethink how they manage their assets and improve 

their efficiency, leading to the adoption of smart 

technologies and integrated systems that enhance 

real-time monitoring and decision-making 

capabilities. 

 

1.2 The Digital Transformation of Industrial 

Assets 

Smart field devices and standardized digital 

communication protocols caused an important shift 

in industrial automation. These new ideas made it 

possible to move from reactive, manual 

maintenance to proactive, data-driven asset 

management. Honeywell Field Device Manager 

was among the earliest and most influential 

platforms to operationalize this transition at an 

enterprise scale. This paper situates FDM within 

the broader historical arc of IIoT and details the 

technical and organizational contributions that 

enabled its long-term impact, demonstrating how 

foundational work in the early 2000s laid the 

groundwork for contemporary industrial 

digitalization strategies. 

 

2. Pre-IIoT Industrial Automation 

 

2.1 Analog Current Loop Technology 

 

Prior to the 1990s, industrial instrumentation relied 

almost exclusively on 4–20 mA analog current 

loops, which are electrical signals used to transmit 

measurement data. While robust and reliable, this 
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model conveyed only a single measurement value 

and offered no standardized mechanism to expose 

device configuration, diagnostics, or health 

indicators [3]. Maintenance tasks such as 

calibration or troubleshooting required technicians 

to physically visit each device, often in hazardous 

or remote environments, leading to significant 

operational delays and safety concerns [4]. 

 

2.2 Vendor Fragmentation and Integration 

Challenges 

 

Vendor-specific tools and proprietary interfaces 

further fragmented the ecosystem. Plants operating 

multi-vendor environments faced high integration 

costs, limited interoperability, and slow adoption of 

new device capabilities. These constraints created 

strong demand for a digital overlay that could 

enhance existing infrastructure without forcing 

wholesale replacement. The economic burden of 

maintaining disparate systems drove the industry 

toward standardization efforts that would 

eventually culminate in open protocol development 

[5]. 

 

3. HART Protocol and Digital Communication 

 

3.1 Hybrid Digital-Analog Architecture 

 

The Highway Addressable Remote Transducer 

protocol was introduced as a pragmatic response to 

the limitations of purely analog instrumentation. 

HART made two-way digital communication 

possible by adding a digital signal to the existing 4–

20 mA loop using frequency-shift keying. It also 

worked with older control systems. This hybrid 

model was pivotal to the industry's digital 

transition, allowing incremental adoption without 

requiring a complete infrastructure overhaul. 

 

3.2 Industry Adoption and Remote Capabilities 

 

Rather than requiring wholesale replacement of 

installed infrastructure, HART allowed plants to 

incrementally adopt smart devices and digital asset 

management capabilities. HART was revolutionary 

not because it replaced analog systems, but because 

it turned them into digital ones [7]. By leveraging 

the installed base, HART enabled rapid adoption 

across industries and laid the groundwork for 

remote configuration, predictive maintenance, and 

asset health monitoring—core principles later 

associated with IIoT. The protocol's success 

demonstrated that evolutionary approaches to 

industrial digitalization could achieve broader 

market penetration than revolutionary ones [8]. 

 

4. Device Description Languages 

 

4.1 Device Description Language 

Standardization 

 

While HART standardized device communication, 

interoperability at scale required a complementary 

abstraction layer capable of describing device 

behavior independently of host systems. Device 

Description Language met this need by giving us a 

standard, text-based way to set device parameters, 

menus, commands, and methods [9]. Host systems 

could dynamically interpret these descriptions, 

eliminating the need for device-specific integrations 

and significantly reducing lifecycle costs. This 

abstraction represented a fundamental shift in how 

industrial software handled device diversity [10]. 

 

4.2 Evolution to Electronic Device Description 

Language 

 

The transition from DDL (Device Description 

Language) to Electronic Device Description 

Language represents an important turning point in 

terms of usability and capability. EDDL extended 

the language to support richer visualization, 

conditional logic, guided workflows, and enhanced 

user interfaces while maintaining backward 

compatibility [11]. These extensions enabled the 

consistent availability of advanced device features 

across asset management platforms and control 

systems. This sped up the adoption of smart device 

technologies across the industry. The enhanced 

expressiveness of EDDL allowed device 

manufacturers to expose sophisticated capabilities 

that were previously accessible only through 

proprietary tools [12]. 

 

5. Honeywell Field Device Manager 

 

5.1 Platform Vision and Multi-Protocol Support 

 

Honeywell Field Device Manager was conceived as 

a centralized platform for managing heterogeneous 

smart field devices across large industrial plants. 

Supporting HART, PROFIBUS, and 

FOUNDATION Fieldbus, FDM enabled remote 

configuration, diagnostics, lifecycle management, 

and historical analysis for devices from multiple 

manufacturers [13]. The platform's design 

philosophy emphasized openness and 

interoperability, recognizing that industrial 

customers operated complex, multi-vendor 

environments requiring unified management 

capabilities [14]. 
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5.2 Integration Architecture and Deployment 

Scale 

 

FDM integrated tightly with Honeywell's Experion 

PKS (Process Knowledge System) and related 

control systems but was explicitly designed around 

open standards to support multi-vendor 

environments. By the late 2000s, FDM was 

deployed by hundreds of industrial customers 

worldwide and used indirectly in the certification 

and configuration of tens of millions of HART 

devices [15]. The platform's popularity showed that 

there was a strong need for asset management 

solutions that were standardized and could work 

with products from different vendors, which also 

affected the products offered by other big 

 

6. Architectural Innovations 

 

6.1 Distributed Client-Server Model 

 

Joining Honeywell in 2003 as a software engineer 

during the formative stages of the Field Device 

Manager initiative, work began on foundational 

architecture and core subsystems that would later 

expand The scope includes progression to the 

technical lead and ultimately to the project lead. A 

defining One One innovation of FDM was its 

distributed client-server architecture, introduced at 

a time when most industrial tools were monolithic 

and tightly coupled to specific systems [1]. The 

server layer functioned as the platform's central 

intelligence, responsible for interpreting device 

descriptions, managing protocol communication, 

and coordinating workflows, while client layers 

dynamically rendered device interfaces. 

 

6.2 Dynamic Device Description Processing 

 

One of the most important technical contributions 

was the design and implementation of a way to 

change vendor-supplied DDL and EDDL files into 

an XML format in real time. This runtime model 

enabled dynamic generation of device user 

interfaces without hardcoded device logic, allowing 

new instruments to be supported simply by 

deploying updated description files [2]. This 

approach directly addressed a major industry pain 

point—slow adoption of new device features—and 

was later recognized in multiple patents related to 

device description processing and field device 

lifecycle management. 

 

6.3 Modular Protocol Management 

 

The architecture was modular and could be 

expanded. It supported many protocols through 

dedicated managers while sharing common data, 

network, and persistence services. Distributed 

communication interfaces enabled scalable 

deployment across plant networks, a precursor to 

modern edge-cloud IIoT architectures [3]. This 

design allowed FDM to accommodate emerging 

protocols and communication technologies without 

requiring fundamental architectural changes, 

providing long-term adaptability in a rapidly 

evolving technology landscape [4].  

 

7. Protocol Implementation 

 

7.1 Industrial Communication Modeling 

 

One of the main contributions was the ability to 

model industrial communication protocols on a 

large scale. This involved organizing general and 

specific commands into software components that 

can be reused, creating and understanding protocol 

packets, and making sure that communication is 

reliable and without loss among thousands of 

devices working at the same time. The protocol 

modeling framework simplified the different 

fieldbus technologies, providing a single 

programming interface for higher-level application 

logic while still keeping the specific optimizations 

needed for each protocol at the communication 

layer. 

 

7.2 High-Performance System Design 

 

Implemented primarily in C++, the system 

employed advanced multithreading, 

synchronization, and memory optimization 

techniques to support large numbers of devices 

simultaneously—an exceptional scale for early 

industrial software of that era. Custom binary 

serialization made the system use much less 

memory, which allowed for complete device 

backups and quick recovery within the hardware 

limits of that time. The goal of performance 

optimization was to reduce communication 

overhead and increase throughput. This made it 

possible for a single server instance to handle 

device populations that would have needed multiple 

systems in traditional architectures [8]. 

 

8. Industry Standards Participation 

 

8.1 HART Communication Foundation 

Involvement 

 

In parallel with product development, 

representation of Honeywell within the HART 

Communication Foundation, now the FieldComm 

Group, facilitated collaboration with engineers and 
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architects from leading automation vendors such as 

Emerson, Siemens, Yokogawa, and others. From 

2003 through 2009, participation in multiple EDDL 

and interoperability working group sessions in the 

United States and Europe contributed both 

specification feedback and reference 

implementations [9]. This standards work ensured 

that FDM's innovations could be generalized and 

adopted across the broader automation ecosystem 

rather than remaining proprietary to Honeywell 

[10]. 

 

8.2 Smart Device Configurator Contributions 

 

A central focus of standards work was advancing 

how device behavior and methods could be 

modeled and executed within host systems. 

Innovations like direct variable referencing and 

method composition—features that let device 

methods use other methods and change parameter 

values on the fly—were added to the Smart Device 

Configurator, which is a guide for device makers to 

create and certify HART-compatible devices. As a 

result, these contributions extended well beyond 

Honeywell, influencing how hundreds of 

manufacturers implemented smart device software 

and ensuring consistent behavior across different 

vendor implementations [12]. 

 

8.3 Competitive Platform Influence 

 

Emerson AMS Device Manager, Siemens 

SIMATIC PDM, and Yokogawa PRM are all asset 

management platforms that use similar architectural 

principles. These principles are based on 

standardized device descriptions, dynamic 

interpretation, and interoperability between 

different vendors. Honeywell FDM was one of the 

first platforms to put these ideas into practice on a 

large scale, helping to set the standard for 

competition in the industry [13]. The convergence 

of architectural approaches across competing 

platforms validated the design decisions made in 

FDM and accelerated the industry's transition 

toward open, standards-based asset management 

[14]. 

 

9. Organizational Leadership 

 

9.1 Project Leadership and Team Management 

 

From 2008 onward, service as Project Lead 

involved responsibility for a member engineering 

organization delivering the R300 and R400 

generations of FDM (Fused Deposition Modeling, a 

3D printing technology). Under this leadership, the 

platform scaled capacity significantly, introduced 

automated testing practices that dramatically 

reduced release cycles, and expanded development 

operations across multiple geographies [15]. The 

organizational transformation required balancing 

technical innovation with engineering discipline, 

establishing processes that maintained code quality 

while accelerating feature delivery [16]. 

 

9.2 Long-Term Platform Sustainability 

 

Perhaps most significantly, the architectural 

foundations established during this period have 

remained operational for over two decades. Despite 

evolving protocols and increased device 

sophistication, the core FDM design continues to 

support modern industrial environments—a 

testament to its forward-looking design principles 

[1]. The platform's long-lasting success shows that 

well-designed industrial software can stay 

important through different technology changes, as 

long as the basic ideas focus on lasting needs in the 

field instead of temporary technical details. This 

approach ensures that the technology remains 

applicable and useful as the IIoT landscape evolves, 

adapting to new advancements while addressing 

core needs. 

 

Table 1: Evolution of Industrial Instrumentation Technologies [3, 4] 

Era Technology Type Communication 

Method 

Key Capabilities Primary Limitations 

Pre-

1990s 

Analog 

Instrumentation 

4-20 mA Current 

Loop 

Single process variable 

transmission, Robust 

signal integrity 

No diagnostics access, 

Manual configuration 

required, Limited 

visibility, Physical site 

visits necessary 

1990s-

2000s 

Smart Field 

Devices with 

HART 

Hybrid Digital-

Analog FSK 

Bidirectional 

communication, 

Remote parameter 

access, Multiple 

variables, Backward 

compatibility 

Limited bandwidth, 

Point-to-point 

topology constraints 
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2000s-

2010s 

Integrated Asset 

Management 

Multi-protocol 

Digital Networks 

Centralized 

configuration, 

Predictive diagnostics, 

Lifecycle management, 

Multi-vendor support 

Integration 

complexity, 

Standardization 

challenges 

2010s-

Present 

Industrial IoT 

Systems 

Cloud-connected 

Edge Architecture 

Real-time analytics, 

Machine learning 

integration, Enterprise-

wide visibility, Mobile 

access 

Cybersecurity 

concerns, Network 

dependency 

 

Table 2: Comparison of Device Description Language Standards [11, 12] 

Specification Aspect Device Description Language 

(DDL) 

Electronic Device Description Language 

(EDDL) 

Standardization Body International Electrotechnical 

Commission 

International Electrotechnical Commission 

Primary Purpose Basic device parameter 

definition 

Enhanced device behavior modeling 

User Interface Support Text-based menus and 

parameters 

Rich graphical visualization, Conditional 

displays 

Logic Capabilities Simple parameter definitions Complex conditional logic, Method 

composition, Variable referencing 

Workflow Support Linear parameter access Guided configuration workflows, Context-

sensitive help 

Backward 

Compatibility 

Foundation standard Fully compatible with DDL 

Adoption Impact Enabled first-generation 

interoperability 

Accelerated advanced feature adoption, 

Simplified complex device management 

Host System 

Requirements 

Basic interpretation engine Enhanced rendering and execution 

environment 

 

Table 3: Honeywell Field Device Manager Architectural Components [3, 4] 

Architectural 

Layer 

Component Type Primary Responsibilities Key Innovations 

Presentation Layer Dynamic Client 

Interface 

User interaction rendering, 

Context-sensitive visualization, 

Multi-device monitoring 

Runtime UI generation from 

device descriptions, Platform-

independent display logic 

Application Layer Device 

Management 

Services 

Configuration workflows, 

Diagnostic analysis, Historical 

trending, Alarm management 

Unified multi-protocol 

abstraction, Automated device 

discovery 

Integration Layer Protocol Managers HART communication, 

PROFIBUS coordination, 

FOUNDATION Fieldbus 

handling 

Modular protocol architecture, 

Shared communication 

infrastructure 

Data Layer Description 

Processing Engine 

DDL/EDDL interpretation, 

XML transformation, Metadata 

management 

Real-time device description 

conversion, Dynamic 

capability exposure 

Infrastructure 

Layer 

Distributed 

Services 

Network communication, Data 

persistence, Security 

management, System 

coordination 

Scalable client-server 

distribution, Enterprise 

deployment support 

 

Table 4: Industry Standards Contributions and Ecosystem Impact [13, 14] 

Contribution Area Specific Innovation Implementation Context Industry Adoption 

Method 

Composition 

Dynamic method 

chaining and parameter 

reuse 

EDDL specification 

enhancement, Smart Device 

Configurator framework 

Incorporated into device 

manufacturer certification 

tools, Adopted across 

vendor ecosystem 

Direct Variable 

Referencing 

In-context parameter 

access across device 

HART Communication 

Foundation working groups 

Standardized in EDDL 

specification updates, 
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methods Implemented in 

competitive platforms 

Dynamic Device 

Description 

Processing 

Runtime interpretation 

and UI generation 

FDM core architecture, 

Patent-recognized 

technology 

Influenced Emerson AMS 

Device Manager, Siemens 

SIMATIC PDM, 

Yokogawa PRM 

architectures 

Multi-Protocol 

Abstraction 

Unified device model 

across communication 

standards 

Distributed protocol 

management framework 

Established competitive 

baseline for enterprise asset 

management platforms 

Scalable Distributed 

Architecture 

Client-server model for 

plant-wide deployment 

Enterprise deployment 

infrastructure 

Precursor to modern edge-

cloud IIoT architectures, 

Validated by widespread 

customer adoption 

 

4. Conclusions 

 
The modern IIoT landscape—characterized by 

connected assets, remote diagnostics, predictive 

maintenance, and data-driven optimization—did 

not emerge overnight. It was built up over time 

with new standards, platforms, and architectural 

ideas, like those found in Honeywell Field Device 

Manager. By using open protocols, standard device 

descriptions, scalable distributed architectures, and 

strong teamwork in the industry, FDM helped 

change smart field devices into connected industrial 

assets. Contributions to this platform and its 

underlying standards directly shaped the 

technological foundations of today's IIoT systems. 

The shift from old-fashioned analog tools to 

modern smart industrial systems shows how 

ongoing technical improvements and teamwork on 

standards can completely change the technology 

used in an industry. 
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