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Smart Transducer Networks 

Discussion, Application, and Real-time Issues of IEEE 1451 

 
1. Abstract 

Control systems and the concept of real-time control has long been a part of many technological and industrial 

applications. The basic control model can be summarized as such: sensors detect various aspects of a system to be 

controlled, which is then interpreted and processed by a control system, which then responds by controlling various 

actuators to implement the control. However, developments in technology and diversity in implementations has 

evolved many permutations of sensors, actuators, and control mechanisms; there are over 60 sensor network 

protocols from which a developer can choose. The need for a standard interface has lead to the development of the 

“IEEE1451 standard for a Smart Transducer Interface for Sensors and Actuators.” The IEEE 1451 standard aims 

to give sensor manufacturers, system integrators, and end-users the ability to support multiple networks and 

transducer families in an interoperable, modular, and cost effective way. This standard is presented and its various 

features are discussed, supported by a brief discussion of three different applications for the IEEE 1451 standard. 

However, while the IEEE 1451 standard solves many interoperability issues, it may have implications on real-time 

aspects of the systems, impacting determinism and timing. IEEE 1451 does not support real-time message 

scheduling within the transducer cluster environment. Delays inserted by layers of abstractions can have effects on 

determinism and cause jitter issues. Impacts of some shortcomings of the IEEE 1451 on real-time and industrial 

applications are briefly explored and suggested as areas for further research. 

 

2. Introduction 

To best understand the concept of sensor networks, one first must have some minimum background on the subject of 

control systems. A discussion is provided on the topic of the control problem, and how it is seen from the control 

systems developer’s perspective. Next, the concept of a “smart transducer” is discussed, and the IEEE 1451 standard 

for smart transducer networks is introduced. This is explored from the perspective of four constituent standards that 

are collectively referred to as the “smart transducer interface standards.” Each of the four standards is briefly 

explained; the introduction to IEEE 1451 is then capped with a discussion on some example architectures. 

Additionally, a terse description of three applications or implementations of the smart transducer interface standards 

is given. Finally, a discussion on the benefits, drawbacks, and real-time implications is discussed, followed by some 

concluding statements. 

 

3. Background 

3.1 The Control Problem 

The subject opens with an example in control systems: a control systems engineer would like to have a servo motor 

spin at a constant speed. In what’s known as the “open-loop” configuration, the engineer may send some control 

voltage out to that motor, and hope that it is spinning at the desired rate; the only way to know for sure is to measure 

that rate of spinning. With that information, he may then be able to adjust the control voltage based on how much 

the spin rate deviates from what it should be. Naturally, it is preferable that this measure-and-adjust process happens 

automatically and continuously. By using a “closed-loop” configuration (Figure 1), the spin rate can be measured by 

a “sensor” (with transfer characteristics H(s)) and the fed back into a comparator. Logic known as a “compensator” 

(with transfer function K(s)) then uses the disparity between the actual motor spin rate (system output) versus the 

desired spin rate (with transfer function E(s), scaled/sampled by F(s)) to adjust the motor control voltage so that they 

match; i.e. so that the error between the input and the output comparison goes to zero. While real control systems are 

much more complex, the general idea is that there are inputs, sensors, actuators, and a mediating control that 

reconciles the actuator behavior according to the input and in response to information provided by the sensors. In 

many cases, there are clusters of sensors/actuators interconnected over a network, controlled by a centralized 

computer or in a decentralized manner, where the control loops are executed locally and distributed throughout the 
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system. 

 

 
Figure 1: Representation of a Closed-Loop Control System 

 

3.2 The Developers Perspective 

As one can imagine, there is a tremendous diversity of available implementations for various control systems. A 

developer trying to make a control system best suited for a given project must make a tradeoff between project 

constraints, cost, performance, (and his awareness of available options). He must choose between which transducers 

(sensors and actuators) and control mechanisms will be used, and consequently from whom to purchase those parts. 

Naturally manufacturers want to make their components as universally compatible as possible in response to the 

economic driving forces. This can become expensive for the parts makers to design all the compatibility for the 

diversity of transducers, a cost that cascades down to the parts-purchasing developer. 

 

The inevitable response was to define a standardized interface for these transducer networks. This allows 

manufacturers to develop parts according to a single standard, as opposed to an unbounded collection of 

interoperability requirements. The goal is to lower manufacturing design costs, thereby lowering costs to the control 

systems developer. 

 

4. IEEE 1451 

One of the issues with defining a standardized approach to transducer networks is that every transducer is different, 

and has unique characteristics. Some sensors have physical mechanisms that yield analog outputs, others may be 

digital. Also, each actuator (e.g. a servomotor or heat-sealer) has its own transfer function, and may require pulsed 

inputs or an analog voltage. In typical control systems, there is some sort of mediating aspect between the transducer 

and control mechanism that allows these disparate transducers to functionally coexist in the same system.  

 

The IEEE 1451 Standards for Smart Transducer Interface for Sensors and Actuators decouple the idiosyncrasies of 

each transducer by localizing the translation of their respective characteristics, allowing for communication over a 

common “transducer-independent” interface. This then allows for connection to a control network through a 

standardized network adapter, which then gives rise to a natural means for distributed control.  

 

IEEE 1451 provides the common interface and enabling technology for connectivity of transducers to 

microprocessors, control and field networks, and data acquisition and instrumentation systems. It has 4 parts 

• 1451.1 Networked Smart Transducer Model 

• 1451.2 Transducer-to-Microprocessor Communication Interface  

• 1451.3 Multidrop Distributed System For Interfacing Smart Transducers  

• 1451.4 Mixed-mode Transducer and Interface  

 

Table 1 describes acronyms that will be used frequently in detailing the mentioned substandards. 
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Table 1: Acronyms and Explanations of Terminology 

Acronym Acronym Expansion Description of Concept 

NCAP Network Capable 

Application Processor 

The NCAP is the local application processor for STIMs that are connected 

to it over the TII. It has processing capabilities and acts as the adapter 

between the STIM and the network. 

STIM Smart Transducer 

Interface Module 

The STIM contains the TEDS, as well as the conditioning equipment and 

address logic needed to communicate over the TII. 

TEDS  Transducer Electronic 

Data Sheet 

The standardized TEDS specified by IEEE 1451.2 allows for the self-

description of sensors. The TEDS, stored in a nonvolatile memory, 

contains fields that describe the type, attributes, operation, and calibration 

of the transducer. 

TII Transducer 

Independent Interface 

TII is a 10-wire digital bus. It is built around synchronous serial 

communication, based on the Serial Peripheral Interface (SPI) protocol. 

Several dedicated lines are included to provide power, ground, and 

special-purpose control lines. 

 

4.1 IEEE 1451.2: Transducer-to-Microprocessor Communication Interface 

Figure 2 shows a summary model of the IEEE 1451.2 substandard, which describes the Transducer Electronic Data 

Sheets (TEDS), and communication over the Transducer Independent interface (TII). The TEDS is stored in a 

nonvolatile memory, and contains fields that describe the type, attributes, operation, and calibration of the transducer 

[2]. With a requirement of only 178 bytes of memory for the mandatory data, the TEDS is scalable [2]. A transducer 

integrated with a TEDS provides a feature that makes the self-description of transducers to the network possible; the 

manufacturer data and calibration data (optional) are stored in the TEDS [2]. With the TEDS feature, upgrading 

transducers with higher accuracy and enhanced capability and replacing transducers for maintenance purposes are 

simply “plug and play” [2]. The Smart Transducer Interface Module (STIM) contains the TEDS, address logic, and 

local mediating aspects (e.g. analog/digital conversion, etc.) that allow data from/to the transducers to be 

communicated over the Transducer Independent Interface (TII); the STIM communicates with the Network Capable 

Application Processor (NCAP) via the TII. The Transducer Independent Interface is a 10-wire digital bus built 

around synchronous serial communication, based on the Serial Peripheral Interface (SPI) protocol. Several dedicated 

lines are included to provide power, ground, and special-purpose control lines [7]. 

 

 
Figure 2: Summary Model for IEEE 1451.2 

 

IEEE P1451.2 defines sixteen functional addresses. They control the STIM as well as reading and writing both data 

and memories in the STIM via TII. Certain control and status functions are loosely defined and provisions are 
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available to add vendor unique functions [7].  

 

4.2 IEEE 1451.1 Networked Smart Transducer Model 

The IEEE P1451.1 project defines a common object model for a networked smart transducer and the software 

interface specifications for each class representing the model [2]. Figure 3 shows a summary model of the NCAP in 

the IEEE 1451.1 standard. Network communication is viewed through the NCAP as ports [5]. Function blocks 

containing application code (containing the various parameters, calls, files and other essential objects) are plugged in 

as needed [5]. Transducer blocks (STIMs) map the physical transducer to the NCAP, which contains its own 

processing capabilities to communicate over the network. 

 

 
Figure 3: Summary Model for IEEE 1451.1 [5] 

 

4.3 IEEE 1451.3 Multidrop Distributed System for Interfacing Smart Transducers 

In a distributed system, sometimes a large array of sensors (on the order of hundreds) needs to be read in a 

synchronized manner. Bandwidth requirements of these sensors might be relatively high, on the order of several 

hundred kilohertz, with time correlation requirements in the range of nanoseconds [2]. Figure 4 shows a diagram 

depicting how IEEE 1451.3 addresses this concept. The NCAP contains a Transducer Controller Bus (TBC), which 

controls a multidrop distributed system of Transducer Bus Interface Modules (TBIM), which in turn communicates 

with STIMs over the TII. The TBC exerts its control and communication with the TBIMs over a collection of signal 

and power lines, as well as a return line. A transducer bus is expected to have one bus controller and many TBIMs; a 

TBIM may contain one or more different transducers [2]. The NCAP contains the controller for the bus and the 

interface to the network that may support many other buses [2]. 

 

 
Figure 4: Summary Model for IEEE 1451.3 [2] 
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4.4 IEEE 1451.4 Mixed-mode Transducer and Interface 

In order to reduce cabling and interfacing costs, a model using different wiring configurations may be desirable. 

IEEE 1451.4 allows for a mixed-mode transducer and interface to support this capability. An IEEE P1451.4 

transducer, which could be a sensor or actuator with typically one addressable device, is referred to as a node 

containing a TEDS [2]. If more than one node is included in an IEEE P 1451.4 transducer, one of the nodes must 

have a memory block that holds the Node-List. A node-list contains the identifications of the other nodes. If a single 

wire model is used, the analog transducer signal transmission and communication of the digital TEDS data to an 

instrument or a network are done on the same wire, but at separate times. If a multi-wire model is used, 

communication of digital data and analog signal can be accomplished simultaneously [2]. The digital 

communication can be used to read the TEDS information and to configure an IEEE P1451.4 transducer. The 

context of the mixed-mode transducer and its interface(s) are shown in Figure 5.  

 

 
Figure 5: Summary Model for IEEE 1451.4 [2] 

 

4.5 Example Architectures Implementing IEEE 1451 

Figure 6 shows a sample configuration in which one can use the IEEE 1451standards to implement either distributed 

control loops or centralized control loops, or a combination of both. For the distributed control loop model, NCAP 

#1 would contain the control laws and execute the control loop locally, communicating information (e.g. position, 

error, or temperature status) back to the monitoring station, and/or perhaps accept commands (e.g. “rotate clockwise 

30 degrees”) which would also be implemented locally. The NCAP (Network Capable Application Processor) serves 

not only as the network adapter (Network Capable), but also as the local control law processor (Application 

Processor). This configuration can offload intelligence from the monitoring station, as well as decouple design 

decisions from the remote control by increasing logical cohesion locally. The result benefits from an aspect common 

to distributed systems, namely and tendency to be more fault tolerant due to the decentralization of the “smarts.” 
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Figure 6: Distributed Control Loop vs. Centralized Control Loop [2] 

 

Shown also in Figure 6 is a “direct control” model, in which the NCAP serves to simply relay transducer data and 

commands across the network. The locus of control is extended across the network, with remote sensors reporting 

data back to the central processor. The central processor then issues commands based on its control laws, which are 

subsequently communicated over the network. The remote commands transit across the NCAP to the actuator STIM, 

and are then actuated remotely. Often the centralized model is simpler in principle than the distributed model and 

does not need the extra layers of abstraction incumbent with the standardized approach; the point is to show that 

direct control of remote transducers is still possible with the IEEE 1451 standard, thereby benefitting from the 

“plug-and-play” aspects of a standardized implementation. 

 

IEEE 1451.1 Provides two styles of inter-NCAP communication: the client/server style and the publish/subscribe 

style [5]. The client/server style is a tightly coupled, point-to-point model for one-to-one communication scenarios – 

typically used for configuration, attribute accessors, and operation invocations [5]. The publish/subscribe style is a 

loosely coupled model for many-to-many and one-to-many communication, “typically used for broadcasting or 

multicasting measurement data and configuration” [5]. Figure 7 shows another depiction of an IEEE 1451 

implementation. NCAPs communicate across the network as described (either client/server or publish/subscribe) 

with the Host System (blue block) or each other (green blocks). The NCAPs are correlated with one-or-many STIMs 

(orange blocks) and communicate across the Transducer Independent Interface (TII, labeled as Intra-module sensor 

bus). 

 

 
Figure 7: Sample Architecture for Inter-NCAP Communication [7] 
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5. Applications of IEEE 1451 

Having described the mechanics of the IEEE 1451 standard, three applications are now described to further illustrate 

its implementation. First discussed are the uses of IEEE 1451 for In-vehicle networking, followed by an example of 

an autonomous log skidder using distributed control over an IEEE 1451 smart transducer network. Additionally, an 

approach using IEEE 1588 synchronization in conjunction with IEEE 1451 is presented. 

 

5.1 In-vehicle networking 

In the first example, the author discusses the concept of a smart module as it relates to In-Vehicle Networking (IVN) 

for automotive sensor networks. In this context, a smart module contains a one or many sensors and some aspect of 

local intelligence for handling sensor activity and communication processing. The smart module described executes 

several functions as a single body:  

• senses the signal from the transducer 

• converts the signal from analog to digital data 

• directly transmits the digital data to the ECU through transmission medium of the IVN system 

 

The author asserts that a vehicle with a smart module is more intelligent and the assembly process is simpler than a 

vehicle with a general CAN module [3]. However, there are certain problems associated with this “smart module.” 

Due to the variety of vendors, manufacturers, and network protocols, these smart modules need to be independent of 

the IVN protocol type. Moreover, if a module fails, replacement module must be inexpensive, but since the cost of a 

microprocessor and network transceiver is relatively high compared to that of a transducer, the replacement cost of a 

smart transducer is much higher than that of a conventional transducer [3]. 

 

IEEE 1451 is then discussed as a solution to creating this “smart module,” gaining all the benefits while reducing the 

drawbacks. Use of a standardized approach allows sensor manufacturers to develop smart modules independently of 

the network protocol. Alternatively, automotive manufacturers are able to develop IVN systems without considering 

sensors and actuators; decoupling the smarts from the sensors also decouples the developer from the vendor lock-in. 

Furthermore, since only the sensor is changed when the module fails, the cost of replacing the smart module will 

decrease since the smart module can be easily replaced without changing the communication program for the IVN 

systems [3]. 

 

5.2 Autonomous Log Skidder 

Described here is another situation in which developers were able to benefit from the use of the IEEE 1451 standard. 

In this example, an autonomous log skidder was initially fitted with an array of conventional sensors for real time 

gathering and processing of data. A CPU implemented control laws centrally, coordinating remotely located sensors 

and transducers (Figure 8). 

 

 
Figure 8: Centralized Control of Autonomous Log Skidder [6] 
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The project purveyors found that there were certain problems associated with this centralized approach. Lack of 

intelligence at each sensor node lead to need for the centralized control and data processing approach; among other 

complaints, this approach had a the risk of exhibiting a Single Point of Failure (SPOF) [6]. Moreover, there was a 

tendency to design one large monolithic program for the centralized control system [6], which can be harder to 

debug and maintain.  

 

Using a distributed control configuration using the smart transducer network standards (shown in Figure 9), they 

were able to gain the flexibility to include additional sensors into the network with little or no additional 

configuration. Moreover, the distributed network design allowed each node to provide some autonomous intelligent 

control and this results in a more efficient and fault-tolerant network [6]. 

 

 
Figure 9: Distributed Control of Skidder Using IEEE 1451 [6] 

 

5.3 Time-Triggered Synchronization with IEEE 1588 

The last application discusses a novel approach to implementing IEEE 1451 with IEEE 1588 clock 

synchronization scheme; clusters of real-time transducer networks are developed and the control is tightly 

synchronized using the IEEE 1588 clock synchronization standard, realizing a “Time-triggered Ethernet” solution 

[1]. The IEEE 1588 is best described as in the original paper by Heffernan and Doyle: 

 

The protocol standard IEEE-1588-2002 “Standard for a 

Precision Clock Synchronisation [sic] Protocol for 

Networked Measurement and Control Systems” was 

published in November 2002. The standard provides a 

distributed clock synchronisation [sic] solution for real-

time control systems, test and measurement systems and 

telecommunications equipment. Using IEEE 1588 it is 

possible to synchronise [sic] the local clocks in a 

distributed system to a resolution of less than 1ms. IEEE 

1588 can be applied to networks that support multicasting, 

such as Ethernet and other such networks. The 

synchronisation [sic] protocol is based on the original work 

of John Eidson of Agilent (Eidson et al., 2002). Existing 

clock synchronisation [sic] protocols such as NTP and 

SNTP cannot realise [sic] the required convergence speed 

or synchronisation [sic] accuracy [1]. 

 

At the lowest network level (Figure 10), Smart Transducer Interface Modules configured for real-time operation 
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(STIM-RT) are connected to a summary Network Capable Application Processor via a time-triggered Controller 

Area Network (TTCAN) bus acting as the Transducer independent Interface. The NCAP is configured for real-

time operation (NCAP-RT) and acts as the network adapter and local application processor.  

 

 
Figure 10: Local IEEE 1451 Network via TTCAN as TII [1] 

 

Each local network can then connect to an Ethernet backbone via the NCAP, which implements the Precision Time 

Protocol synchronization as defined in the IEEE 1588 standard (Figure 11). 

 

 
Figure 11: IEEE 1451 Subnetwork Synchronously Coupled To Time-Triggered Ethernet [1] 

 

Figure 12 shows how these subnetworks can then be synchronously real-time bridged to a Gigabit Ethernet network. 
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The effective result is an apparent “time-triggered” Ethernet. 

 

 
Figure 12: Complete 1588 Synchronized Network [1] 

 

6. Discussion 

6.1 Advantages of IEEE 1451 

As demonstrated throughout this discussion, use of the IEEE 1451 Standards for Smart Transducer Interface for 

Sensors and Actuators has advantages over vendor specific implementations. Use of a standard helps lower both the 

costs of manufacturing and development. Moreover, use of EEE 1451 allows for the development of cost-effective 

distributed networks, which are typically considered more flexible and fault tolerant than an equivalent centralized 

approach. Furthermore, using the IEEE 1451.1 standard provides an extensible object-oriented model for smart 

transducer application development and deployment [5]. Application portability is achieved through agreed upon 

Application Programming Interfaces, and the “network neutral” interface allows for the same applications to be 

“plug-and-play” across multiple network technologies [5]. Finally, use of the standards leverage existing networking 

technology, they do not re-implement any control network software or protocols [5]. 

 

6.2 Drawbacks of IEEE 1451 

As shown in Figure 2 (page 3), one can observe that the Transducer Independent Interface (TII) is implemented over 

a ten-wire bus. Because the TII needs ten lines between the microcontroller and the sensor module, this utilizes 

considerable controller I/O resources [7]. Moreover, the use of ten wires (as opposed to a twisted pair) may present a 

potential wiring problem and weight penalty. Another drawback is that the TII allows only one interface module 

(STIM) to be connected to the microcontroller; it does not support distributed multi-drop sensor modules which are 

necessary in many sensor network applications [7]. 
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Cost reduction is offered as one of the benefits of a standardized approach to sensor and actuator networking 

[2][3][5][7]. However, this benefit may only occur at a certain tipping point due to situations that benefit from an 

economy of scale. A developer making a prototype may need to spend more money to buy the parts and processing 

power to implement the IEEE 1451 standard, even when a simple direct approach will suffice. Therefore, when 

trying to get the benefit of cost reduction by using a standardized approach, one must first examine the tradeoffs. 

Onboard smarts increase cost of individual modules, but standard allows decoupling of sensor from smarts. This 

means that if a sensor fails, only the sensor needs to be replaced, and not the expensive processing parts – this may 

have a positive impact in an industry like automotive manufacturing, where end-user repair costs are ultimately 

lowered as a result; however, for the lone engineer in the garage laboratory, the standardized approach may be 

overkill. 

 

6.3 Real-time Issues of IEEE 1451 

When discussing real-time consideration for networked and/or communication systems, there are three major 

perspectives to consider: timing, determinism, and jitter. Timing, scheduling, and deadlines are probably the most 

essential aspect of real-time systems. Also, for safety-critical real-time systems, deterministic behavior is essential; 

to some extent the level of safety that the system is determined to be at is based on the probability of the occurrence 

of some critical failure; this probability cannot be assessed if all system operations occur on a non-deterministic 

platform. Finally, jitter, an unwanted variation of one or more signal characteristics and may be seen as deviations in 

the interval between successive pulses, amplitude, frequency, or phase of successive cycles, can cause problems. 

 

IEEE 1451 does not support real-time message scheduling within the transducer cluster environment [5]; to 

implement a real-time message scheduling this requires complex and sophisticated “introduced” methods. 

Consequently there is the issue of software control over buses that risks non-deterministic behavior and missed 

deadlines. Referencing the time-triggered Ethernet example (section 5.3, page 8), the authors implement a time-

triggered scenario over an event driven bus. Ethernet is an event-driven bus that uses a collision back-off strategy to 

handle bus traffic that is susceptible to high loading. Moreover, there is no way to ensure that low probability 

collisions will not occur even under low demand. This has important implications on determinism; from a real-time 

perspective, a message containing critical state data maybe needed to execute a real-time command in time. Lack of 

determinism in a time-triggered approach as a consequence of the underlying event triggered bus can result in 

missed deadlines and critical system failure. 

 

Figure 6 on page 6 shows a comparison of a distributed sensor network versus a centralized control of remote 

transducers system. Notice that, as described in the original approach of the autonomous skidder example, (section 

5.2, page 7) a centralized control approach is intrinsically less encumbered with the complexities of local “smarts.” 

Introducing this concept of local smarts in order to implement the IEEE 1451 standard, such as transducer 

interfacing, address logic, and communication over a network through NCAP processing, introduces many layers of 

abstraction and delay. From a real-time perspective, and in particular in safety-critical contexts where deterministic 

meeting of deadlines is essential for safe operation, these layers of abstraction may introduce unwanted jitter and 

non-deterministic delay. This drawback is partly mitigated by the ability for the NCAP to locally implement aspects 

of control; however, IEEE 1451standard may not be appropriate for all real-time application (in particular safety-

critical aspects that depend on real-time determinism). As shown in the In-Vehicle Network example (section 5.1, 

page 7), IEEE 1451 is more comfortably suited for applications where timing, (in particular hard real-time issues) 

are not among the primary concerns for the system. 

 

Some other issues to consider when looking at IEEE 1451 from a real-time perspective include the negotiation of 

sampling rates for digital sensors. For centralized systems, high sampling rates may cause concomitant bus and CPU 

utilization issues. Again, the ability to center the locus of control between the NCAP and the STIM in a network leaf 

may mitigate this, but this leads to a new issues. From a design perspective, an engineer needs to be careful of the 

plug-and-play capability of the STIMs; replacing an old STIM design with a new STIM design may have timing 

incompatibilities that cascade to other parts of the network. This can occur either by causing delays or causing jitter 

from sample rate divisor incongruities. This situation may be exacerbated by a sensor network design that has too 

many transducers directly communicating with the bus via the NCAP. 
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7. Conclusion 

The IEEE 1451 Standards for Smart Transducer Interface for Sensors and Actuators was introduced after discussing 

the control problem from the developer’s perspective. Four substandards were examined in details, with diagram-

based explanations of behavior and mechanics or operation. This was supplemented with a discussion on three 

distinct applications of the IEEE 1451 standards, which set the stage for presenting the advantages and drawbacks of 

the standards. Finally, the heart of the subject was presented as a discussion of the real-time issues associated with 

IEEE 1451. In summary, IEEE 1451 addresses the needs of the smart transducer industry for providing portability 

and network independent access and is useful for standardization of distributed or centralized closed loop remote 

sensor networks, but the ten-wire TII is cumbersome and a lack of real-time support in the standard leaves the 

burden on designer to maintain real-time timing integrity. 

 

8. References 

[1] D. Heffernan, P. Doyle, ‘Time-Triggered Ethernet Based On IEEE 1588 Clock Synchronization,” Assembly 

Automation, Volume 24 Number 3 pp. 264–269. 2004. www.emeraldinsight.com/0144-5154.htm 

 

[2] Kang Lee, "IEEE 1451: A Standard in Support of Smart Transducer Networking," 0-7803-5890-2/00, IEEE 

2000. 

 

[3] Kyung Lee, M. Kim, S. Lee, H. Lee, "IEEE 1451 based Smart Module for In-Vehicle Networking Systems of 

Intelligent Vehicles," 0-7803-7906-3/03, IEEE 2003. 

 

[4] C. Phillips and R. Harbor, Feedback Control Systems, Fourth Edition. Prentice Hall, Upper Saddle River, NJ. 

2000. 

 

[5] R. Schneeman, “An IEEE 1451.1 Summary,” NIST, US Department of Commerce. October 2004. 

http://ieee1451.nist.gov/Workshop_04Oct01/Schneeman.pdf 

 

[6] R. Wall, A. Ekpruke, “Developing an IEEE 1451.2 Compliant Sensor for Real-time Distributed Measurement 

and Control in an Autonomous Log Skidder,” Proceedings of The 29th Annual Conference of the IEEE 

Industrial Electronics Society, Paper # 000628 

 

[7] J. Zhou, A. Mason, “Communication Buses and Protocols for Sensor Networks,” Sensor, 2, 244-257. ISSN 

1424-8220. 2002. http://www.mdpi.net/sensors 

 

9. Paper PSP 

 

Table 2: Paper PSP 

 

Completion Date Item Estimated Time Completed Time 

9/27/07 Topic Selection 1 hour 1.5 hours 

10/04/07 Research 3 hours 6.25 hours 

10/04/07 Progress Report 2 hours 2.75 hours 

11/01/07 Draft Paper 5 hours 5.5 hours 

10/25/07 Presentation Prep 2 hours 8.0 hours 

11/01/07 Final paper 3 hours 2.5 hours 

 Total: 16 hours 26.5 hours 

 

 


