
A system and method of transmitting sensor signals in a waveguide 

environment are provided. A sensor assembly (110) is configured to wirelessly 

receive a sensor interrogation signal, determine an input power level of the sensor 

interrogation signal, and transmit a message including the determined power level. 

The system also includes a sensor controller (108) configured to transmit a sensor 

interrogation signal determine an output power of the transmitted sensor interrogation 

signal at a plurality of frequencies, receive an indication of the received input power 

level of the sensor interrogation signal from the sensor assembly at the plurality of 

frequencies, compare the transmitted output power of the sensor interrogation signal 

to the received power indication, and select a transmit frequency for transmitting 

messages between the senor assembly (110) and the sensor controller (108) based on 

the comparison. 



CLAIMS 

1. A wireless sensor system comprising: 

a sensor assembly (110) comprising a radio frequency transceiver 

(109) configured to wirelessly receive a sensor interrogation signal, said sensor 

assembly (110) configxired to determine an input power level of the sensor 

interrogation signal and transmit a message including the determined power level; and 

a sensor controller (108) comprising a radio frequency transceiver 

configured to transmit a sensor interrogation signal at a first frequency and at a second 

frequency, the second frequency different than the first frequency, said sensor 

controller comprising a processor and a memory programmed with instructions that 

cause the sensor controller to: 

transmit a sensor interrogation signal into an aircraft fuselage 

(100) at a frequency that varies over time; 

determine an output power of the transmitted sensor 

interrogation signal at a plurality of frequencies; 

receive an indication of the received input power level of the 

sensor interrogation signal from the sensor assembly (110) at the plurality of 

frequencies; 

compare the transmitted output power of the sensor 

interrogation signal to the received power indication; and 

select a transmit frequency for transmitting messages between 

said senor assembly (110) and said sensor controller (108) based on the comparison. 

2. A system in accordance with Claim 1, wherein said wireless 

sensor system comprises a plurality of sensor assemblies located remotely from said 

sensor controller and each other, each of said plurality of sensor assemblies 

configured to transmit messages to said sensor controller on a frequency at which a 

power ratio of the input power level of the sensor interrogation signal measured by 
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that sensor assembly and the transmitted output power is greater than the power ratio 

determined at the others of the pluraUty of freque-ncies. 

3. A system in accordance with Claim 2, wherein said plurality of 

sensor assemblies each determine their respective frequency of transmission 

independent of said sensor controller and each other, each of said plurality of sensor 

assemblies configured to transmit messages to said sensor controller on the 

determined frequency. 

4. A system in accordance with Claim 1, wherein said sensor 

controller periodically determines the transmit frequency. 

5. A system in accordance with Claim 1, wherein said sensor 

assembly determines a power ratio of the transmitted output power and the input 

power level received by said sensor assembly, an indication of the transmitted output 

power being received from said sensor controller in a message transmitted from said 

sensor controller. 

6. A system in accordance with Claim 1, wherein said sensor 

controller determines a power ratio of the transmitted output power and the input 

power level received by said sensor assembly, an indication of the input power level 

being received from said sensor assembly in a message transmitted from said sensor 

assembly. 
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BACKGROUND OF THE INVENTION 

The field of the invention relates generally to wireless 

communications, and more specifically, to a method and system for improving 

communications of self-powered wireless sensors in a waveguide envirormient. 

At least some known aircraft manufacturers are considering 

using wireless networking technology in airplane systems to minimize weight, 

improve reliability and safety, and to reduce maintenance costs. Wireless technology 

has been deployed for internet access using standard WIFI technology, but wireless 

technology has yet to be used for aircraft critical systems. Achieving the benefits of 

wireless technology will require the deployment of many autonomous wireless 

sensors and actuators on an airplane. 

Communications with sensors without using wires or fiber 

provides a major benefit in weight savings. However, for autonomous sensors to be 

effective, power requirement minimization is needed. Moreover, in situations using 

standard RF transmission where signal levels will vary with distance and time, 

referred to as fading also could benefit from power requirement minimization 

techniques. The current method of mitigating fading effects is to adjust the gain of 

the receiver circuit to maintain a constant signal level. However, that approach is not 

a desirable solution for aircraft wireless systems because of power limitations. 

BRIEF DESCRIPTION OF THE INVENTION 

In one embodiment, a wireless sensor system includes a 

sensor assembly including a radio frequency transceiver configured to wdrelessly 

receive a sensor interrogation signal, determine an input power level of the sensor 

interrogation signal, and transmit a message including the determined power level. 

The system also includes a sensor controller including a radio frequency transceiver 

configured to transmit a sensor interrogation signal at a first frequency and at a second 
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frequency wherein the second frequency is different than the first frequency. The 

sensor controller includes a processor and a memory programmed with instructions 

that cause the sensor controller to transmit a sensor interrogation signal into an 

aircraft fuselage at a frequency that varies over time, determine an output power of 

the transmitted sensor interrogation signal at a plurality of frequencies, receive an 

indication of the received input power level of the sensor interrogation signal from the 

sensor assembly at the plurality of frequencies, compare the transmitted output power 

of the sensor interrogation signal to the received power indication, and select a 

transmit frequency for transmitting messages between the senor assembly and the 

sensor controller based on the comparison. 

In another embodiment, a method of transmitting sensor 

signals includes transmitting a sensor interrogation signal into an aircraft fuselage at a 

frequency that varies over time, determining an output power of the transmitted 

sensor interrogation signal at a plurality of frequencies, receiving an indication of a 

received power of the sensor interrogation signal from a wdreless sensor at the 

plurality of frequencies, comparing the transmitted output power of the sensor 

interrogation signal to the received power indication, and selecting a transmit 

frequency based on the comparison. 

In yet another embodiment, a sensor controller system 

includes a radio fi-equency transceiver configured to transmit data messages and to 

receive data messages at a plurality of predetermined frequencies and a processor 

including a memory and programmed to transmit a plurality of sensor interrogation 

signals into an aircraft fuselage wherein each of the plurality of sensor interrogation 

signals is transmitted at a respective frequency different than others of respective 

frequencies. The processor is also programmed to determine an output power of each 

of the transmitted plurality of sensor interrogation signals at the respective frequency, 

receive an indication of a received power of at least one of the plurality of sensor 

interrogation signals from a wireless sensor at the respective frequencies, compare the 

transmitted output power of the sensor interrogation signal to the received power 

indication, and select a transmit frequency based on the comparison. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1-2 show exemplary embodiments of the method and 

system described herein. 

FIG. 1 is a partial cutaway diagram of an aircraft fiiselage in 

accordance with an exemplary embodiment of the present invention; and 

FIG. 2 is a flow diagram of a method of transmitting sensor 

signals in accordance with an exemplary embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The following detailed description illustrates embodiments of 

the invention by way of example and not by way of limitation. It is contemplated that 

the invention has general application to analytical and methodical embodiments of 

communication between wireless devices subject to a waveguide environment in 

industrial, commercial, and residential applications. 

As used herein, an element or step recited in the singular and 

preceded with the word "a" or "an" should be understood as not excluding plural 

elements or steps, unless such exclusion is explicitly recited. Furthermore, references 

to "one embodiment" of the present invention are not intended to be interpreted as 

excluding the existence of additional embodiments that also incorporate the recited 

features. 

Embodiments of the present invention describe a method of 

adjusting the frequency of operation of on aircraft wireless networks to take 

advantage of the waveguide effects of the airplane structure to minimize transmitted 

signal path loss. By minimizing path loss the power required for transmission can 

also be minimized. 

FIG. 1 is a partial cutaway diagram of an aircraft fiiselage 100 

in accordance with an exemplary embodiment of the present invention. In the 

exemplary embodiment, fiiselage 100 includes a forward end 102, an aft end 104, and 
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a body 106 extending therebetween. A sensor controller 108 including a radio 

frequency transceiver 109 may be positioned at a selected location within fuselage 

100. A plurality of wireless sensor assemblies 110 may also be selectively positioned 

within fuselage 100. Sensor controller 108 also includes a processor 111 

communicatively coupled to a memory 113. In one embodiment, radio frequency 

transceiver 109 may comprises a transmitter and receiver combination in one unit that 

share common circuitry or may comprise separate transmitter and receiver 

components. Moreover, radio frequency transceiver 109 may operate in a full duplex 

mode or a half duplex mode. Further, radio frequency transceiver 109 includes an 

antenna 115 configured for operation at frequencies and distances as described herein. 

As used herein, wireless sensor assemblies 110 may also include actuators, other 

transceivers used to form a wireless network, or other devices such as wireless 

headphones. 

Radio frequency transceiver 109 is configured to transmit and 

receive electromagnetic radiation in the radio frequency (RF) band. Radio frequency 

transceiver 109 transmits and receives messages to and from wireless sensors 110. 

Wireless sensors 110 include a confrollable device such as, but not limited to, an 

actuator, or a sensing device configured to measure or detect physical parameters in 

their vicinity. Wireless sensors 110 include at least one anterma 120 that facilitates 

commxmication between wireless sensor and sensor controller 108. In the exemplary 

embodiment, fuselage 100 is a relatively large, substantially cylindrical structure 

formed of a metallic material, such as, but not limited to, aluminum or an alimiinum 

alloy. Such a structure acts as a waveguide for electromagnetic radiation. 

Additionally, such a structure may affect the electromagnetic wave such that 

particular locations a distance from transceiver may receive a significantly attenuated 

RF signal from transceiver 109 as compared to the power level of the transmitted 

signal. Other locations may receive a signal that may be only slightly attenuated as 

compared to the transmitted signal. The attenuation experienced by the signal is 

related to the shape of the fuselage and the position, geometry, and material of 

construction of other material within fuselage 100. For example, a drink cart 112 is 

typically formed of metal and is repositioned along a length of body 106 during use. 
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Drink cart 112 may affect the waveguide characteristics of fuselage 100. Other 

objects may also affect the waveguide characteristics of fuselage 100, such as, 

passengers moving about the fuselage. 

During operation, transceiver 109 and wireless sensors 110 

communicate using RF energy transmitted between them. In the exemplary 

embodiment, wireless sensors 110 are low-power devices that have a limited transmit 

power capability. To ensure proper communication between transceiver 109 and 

sensors 110, attenuation of the commimication signal is facilitated being reduced by 

actively controlling the waveguide characteristics of fuselage 100. In the exemplary 

embodiment, a frequency of transmission of the RF signal used to communicate 

between transceiver 109 and sensors 110 is adjusted dynamically to improve a power 

received by transceiver 109 from sensors 110 and received by sensors 110 from 

transceiver 109. In one embodiment, a frequency of the electromagnetic signal 

transmitted between sensors 110 and transceiver 109 is adjusted to provide a 

relatively high power signal as compared to other possible frequencies of the 

electromagnetic signal. 

At startup, transceiver 109 may transmit an RF message at a 

plurality of different frequencies. Each of the sensors 110 that receive the signal may 

respond to the message with an indication of the power of the received signal. The 

response message may also include a location of the responding sensor. In the 

exemplary embodiment, the plurality of different frequencies are swept through a 

predetermined range of frequencies. For each of the plurality of different frequencies, 

sensors 110 determine a received power of the received message signal. Because the 

airplane structure acts as a waveguide for RF energy, path loss data indicate that the 

fuselage has mode frequencies at which the message signals are transmitted with very 

little loss. There are also anti-mode frequencies at which the signal is attenuated. 

Sensor controller 108 and more specifically processor 111 and memory 113 of sensor 

controller 108 are programmed to select the operating frequency of the wireless 

network to coincide with one of the transmission peaks within a range of 

approximately 50 MHz. Adjusting the operating frequency over this band width is 

accomplished using 111 and memory 113 controlling a transmit circuit of transceiver 
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108. Additionally, a design of antennae 115 and 120 are optimized to operate over a 

predetermined range of frequencies. 

Autonomous wireless sensor assemblies 110 use a power 

source 114 for the onboard sensors and actuators. In one embodiment, power source 

114 is a battery that is replaced periodically or recharged. In various embodiments, 

energy is harvested from the envirormient using for example, but not limited to 

temperature differentials, magnetic, electromagnetic, or vibratory energy as a source. 

In another embodiment, passive RFID sensors are used. Each of the above power 

strategies provides only small amounts of power for the sensor circuitry. It is 

therefore important to minimize the power consumption of the circuitry. 

The power consumption of the circuitry is directly related to 

the power level that the sensor signal is transmitted at to reliably reach the transceiver 

109. Acceptable power levels can be calculated based on acceptable signal error rates 

and noise levels, but the major determinant is the path loss of the signal over the 

transmission path. In the exemplary embodiment, the path loss is minimized, for 

example by using the methods described herein, which in turn minimizes the power 

consumption of sensor assembly 110. 

FIG. 2 is a flow diagram of a method 200 of transmitting 

sensor signals in accordance with an exemplary embodiment of the present invention. 

In the exemplary embodiment, method 200 includes transmitting 202 a sensor 

interrogation signal into an aircraft fuselage at a frequency that varies over time. 

Because the aircraft fuselage acts as a waveguide, signals of different frequencies 

experience different amounts of signal path losses. By transmitting sensor 

interrogation signals at different frequencies into the aircraft fiiselage, the frequency 

that yields the largest power ratio, or ratio of the power of the sensor interrogation 

signal received by a wireless sensor positioned within the aircraft fuselage in relation 

to the power level of the transmitted sensor interrogation signal can be determined. 

Method 200 also includes determining 204 an output power 

of the transmitted sensor interrogation signal at a plurality of frequencies. In the 
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exemplary embodiment, a sensor controller transmitting the sensor interrogation 

signal determines the output power of the transmitted sensor interrogation signal. 

Method 200 further includes receiving 206 an indication of a received power of the 

sensor interrogation signal from a wireless sensor at the plurality of frequencies. To 

determine a power ratio of the transmitted sensor interrogation signal, the sensor 

controller or the sensor assembly needs both the output power value of the transmitted 

sensor interrogation signal and the power level of the signal received by the sensor 

assembly. In one embodiment, the sensor controller transmits the measured transmit 

power level to the sensor assembly, the sensor assembly measures the received input 

power level, determines the power ratio and adjusts its transmission frequency to the 

frequency having the largest power ratio. Alternatively, the sensor assembly 

measures the received input power level, transmits the measured power level to the 

sensor controller, which determines the power ratio and adjusts its transmission 

frequency to the frequency having the largest power ratio and transmits this frequency 

to the sensor assembly so the sensor assembly can adjust its operating frequency to 

the most efficient frequency for its location. Method 200 also includes comparing 

208 the transmitted output power of the sensor interrogation signal to the received 

power indication and selecting 210 a transmit frequency based on the comparison. 

The plurality of sensor assemblies 110 are configured to 

transmit messages to sensor controller 108 on a frequency at which a power ratio of 

the input power level of the sensor interrogation signal measured by that sensor 

assembly 110 and the transmitted output power is greater than the power ratio 

determined at the others of the plurality of frequencies. 

The term processor, as used herein, refers to central 

processing units, microprocessors, microcontrollers, reduced instruction set circuits 

(RISC), application specific integrated circuits (ASIC), logic circuits, and any other 

circuit or processor capable of executing the fimctions described herein. 

As used herein, the terms "software" and "firmware" are 

interchangeable, and include any computer program stored in memory for execution 

by processor 111, including RAM memory, ROM memory, EPROM memory, 
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EEPROM memory, and non-volatile RAM (NVRAM) memory. The above memory 

types are exemplary only, and are thus not limiting as to the types of memory usable 

for storage of a computer program. 

As will be appreciated based on the foregoing specification, 

the above-described embodiments of the disclosure may be implemented using 

computer programming or engineering techniques including computer software, 

firmware, hardware or any combination or subset thereof, wherein the technical effect 

is a power minimization technique to enable the application of wireless technology to 

aircraft wireless sensors and other RF transmission where signal levels vary with 

distance and time, referred to as fading. Any such resulting program, having 

computer-readable code means, may be embodied or provided within one or more 

computer-readable media, thereby making a computer program product, i.e., an article 

of manufacture, according to the discussed embodiments of the disclosure. The 

computer readable media may be, for example, but is not limited to, a fixed (hard) 

drive, diskette, optical disk, magnetic tape, semiconductor memory such as read-only 

memory (ROM), and/or any transmitting/receiving medium such as the Internet or 

other commimication network or link. The article of manufacture containing the 

computer code may be made and/or used by executing the code directly fi"om one 

medium, by copying the code fi-om one medium to another medium, or by 

transmitting the code over a network. 

The above-described embodiments of a method and system of 

commxmicating wirelessly in a waveguide environment provides a cost-effective and 

reliable means for determining an operating fi-equency for an autonomous sensor that 

provides an optimal power ratio for minimizing power consumed by the sensor for 

communication with a remote sensor controller. More specifically, the methods and 

systems described herein facilitate transmitting one or more messages to all 

autonomous sensors and fi^om the sent and received characteristics of the one or more 

messages, determining an optimal operating fi-equency and transmission power level. 

In addition, the above-described methods and system facilitate regaining 

commimication with a sensor after communications is lost and periodically 

determining the optimal operating frequency to accovmt for changes in the waveguide 
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properties of the environment due to movement of people and/or equipment within the 

waveguide structure. As a result, the methods and systems described herein facilitate 

wireless communication in a waveguide environment in a cost-effective and reliable 

maimer. 

This written description uses examples to disclose the 

invention, including the best mode, and also to enable any person skilled in the art to 

practice the invention, including making and using any devices or systems and 

performing any incorporated methods. The patentable scope of the invention is 

defined by the claims, and may include other examples that occur to those skilled in 

the art. Such other examples are intended to be within the scope of the claims if they 

have structural elements that do not differ fi-om the literal language of the claims, or if 

they include equivalent structural elements with insubstantial differences from the 

literal languages of the claims. 
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