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SYSTEM AND METHOD FOR AUTOMATIC DETERMINATION OF THE

PHYSICAL LOCATION OF DATA CENTER EQUIPMENT

FIELD OF THE INVEMTION:

[0001] The invention relates generally to the field of data center management

and more specifically to systems and methods for automatic discovery of the

physical location of data center equipment.

BACKGROUND OF THE INVENTION:

[0002] Modem data centers and IT infrastructures undergo frequent changes

due to routine maintenance, upgrades and the like. In some cases existing

equipment is removed for repair or replacement. !n other cases existing equipment

is relocated to a new position within an equipment rack or can be relocated to a

different equipment rack. In other cases, new equipment may be added to one or

more equipment racks. Most data centers maintain at least some form of map as to

the physical location of each piece of equipment (e.g., servers, network hardware,

routers, switches, gateways and the like). Such maps are typically updated manually

by data center personnel. The manual nature of traditional data center configuration

monitoring makes real time visualization and monitoring of the date center extremely

difficult. It would be desirable to provide systems and methods for automatic

discovery of the physical location of data center equipment such that manual

configuration monitoring is not required.

[0003J By automating manual data center configuration monitoring,

organizations benefit from real time visibility into the operation of data center

equipment. This can simplify the maintenance and upgrade process and can also be

beneficial when combined with Intelligent power distribution systems, devices and

methods.

BRIEF SUMMARY OF THE INVENTION:

[0004] The invention is directed to a system and method for automatic

discovery of the physical location of at least one device in a data center. Each

device to be tested or discovered (and ultimately included in the map of the data

center) has an associated ultrasonic emitter. The system generally includes a set of



ultrasonic transducers (detectors) having known locations in the data center. For

purposes of this disclosure, the term "known location" can be either an absolute

location or a relative location. For example, transducers or sets of transducers can

be positioned relative to a specific equipment rack or landmark in the data center. A

controller initiates the generation of an ultrasonic signal from the ultrasonic

transducer (in this case operated as an emitter) associated with the device under

test. Time of arrival circuitry generates time of arrival information associated with

each ultrasonic detector based on the time of receipt of the ultrasonic signal at each

transducer in the set of transducers (operated as detectors). The controller

determines the relative location of the device under test based on the known location

of the ultrasonic detectors within the data center and the time of arrival information

associated with each ultrasonic detector.

[00051 I o n embodiment at least two ultrasonic transducers are housed in a

transducer module. In another embodiment the transducer module can also include

power distribution circuitry. In yet another embodiment the transducer module can

also include environmental monitoring circuitry.

|0006J A variety of ultrasonic transducers can be utilized, for example a

speaker (emitter) The controller can be located in the transducer module or remotely

from the transducer module. The time of arrival circuitry can be located in the

transducer module or remotely from the transducer module. The time of arrival

circuitry can be implemented using a variety of hardware/software solutions. For

example, the time of arrival circuitry can include at least one counter. In the

alternative, the time of arrival circuitry can utilize the phase difference between the

ultrasonic signal received from at ieast two detectors.

[00071 The data center can include multiple devices each having an

associated ultrasonic emitter that can generate an ultrasonic signal. The controller

can generate a map of the data center based on the time of arrival information

derived from the ultrasonic signal generated by each ultrasonic emitter. The map

can contain text and/or graphics and can generally include the relative location of

each device having an associated ultrasonic emitter. The ultrasonic signal can be

encoded with data representing a variety parameters such as device serial number,

device model number, device status and the like.



[0008] The map can includes not only relative locations but also the data

decoded from an encoded ultrasonic signal (e.g., device serial number, device model

number, device status and the like). The system can optionally include one or more

supplemental transducers tied to at least one landmark in the data center. The map

can also include the relative location of each supplemental transducer. The map can

also be formatted with absolute locations of each device. The absolute locations can

be derived from the relative locations of each device in cases where the absolute

location of at least one landmark in the data center is known.

[0009 1 The system can also include a second set of ultrasonic transducers

having known locations in the data center and a second controller associated with

the second set of ultrasonic transducers. In this case, second time of arrival circuitry

can be used to generate time of arrival information based on the time of receipt of

the ultrasonic signal at each ultrasonic transducer in the second set of ultrasonic

transducers in this scenario, the first set of ultrasonic detectors can be utilized to

generate ultrasonic signals. The second controller can then determine the relative

location of each of the transducers in the first set of transducers based on the known

location of the second set of ultrasonic transducers within the data center and the

time of arrival information associated with each ultrasonic transducer in the second

set of ultrasonic transducers.

BRIEF DESCRIPTION OF THE DRAWINGS:

|0010| For a better understanding of the present invention, reference is made

to the following description and accompanying drawings, while the scope of the

invention is set forth in the appended claims:

[0011] Fig. 1 is a block diagram of an exemplary data center in accordance

with the invention;

[0012] Fig. 2a shows an exemplary high level block diagram illustrating basic

system operation in accordance with the invention;

|0013] Fig. 2b shows an exemplary high level block diagram illustrating basic

system operation in accordance with the invention;

[0014] Fig. 3 shows an exemplary diagram illustrating sound ranging

techniques in accordance with the invention;



[0015J Fig, 4 is an exemplary flowchart showing system operation in

accordance with the invention;

[0016] Fig. 5 is a block diagram of an exemplary data center showing sound

ranging used in connection with the transducer modules;

[00171 FiQ- is an exemplary graphical map in accordance with the invention;

and

[0018J Fig. 7 is an exemplary text based map in accordance with the

invention.

DETAILED DESCRIPTION OF THE INVEMTlON

[0019] The invention is directed to systems and methods for automatic

discovery of the physical location of data center equipment. It is to be understood

that the figures and descriptions of the present invention have been simplified to

illustrate elements that are relevant for a clear understanding of the present

invention, while eiiminating, for the purposes of clarity, many other elements found in

typical systems and methods. Those of ordinary skill in the art will recognize that

other elements may be desirable and/or required in order to implement the present

invention. However, because such elements are well known in the art, and because

they do not facilitate a better understanding of the present invention, a discussion of

such elements is not provided herein.

I. System Overview

[0020] The invention is directed to systems and methods for automatic

discovery of the location of data center equipment. The physical location of data

center equipment is determined by utilizing ultrasound transducers and triangulation

or sound ranging techniques as discussed in detail below. Figure 1 shows an

exemplary data center in accordance with the invention. The term "data center" is

used herein in its broadest sense and generally refers to an area for storing or

housing computer systems and associated equipment, such as telecommunications

and data storage systems. In its simplest form a data center can include a few

pieces of equipment. In a more complex form a data center can include numerous

components including redundant or backup power supplies, redundant data

communications connections, environmental controls (e.g., air conditioning, fire



suppression), power distribution equipment, environment monitoring equipment (e.g.,

temperature, humidity) and security devices.

[0021] Referring to Figure 1, the data center generally has one or more

equipment racks (e.g., 20, 40 and 60). Each rack is populated with one or more

pieces of equipment (devices). In this example rack 20 is populated with devices 2 1,

23, 25 and 27. Similarly rack 40 is populated with devices 4 1, 43, 45 and 47 and

rack 60 is populated with devices 6 1, 63, 65 and 67. Each device includes at least

one ultrasonic transducer operable to emit an ultrasonic signa! (e.g., a puise or burst

of ultrasonic energy). For matters of simplicity, such transducers may be referred to

herein as ultrasonic emitters or simply emitters. It is understood that an emitter in

accordance with the invention can optionally include ultrasonic detection capabilities

as well. Similarly, an uitrasonic detector in accordance with the invention can

optionally include ultrasonic emission capabilities.

10022] in rack 20, each of the devices 2 1, 23, 25 and 27 has at least one

associated ultrasonic emitter labeled 22, 24, 26 and 28 respectively. Similarly rack

40 includes devices 4 1, 43, 45, 46 having associated ultrasonic emitters 42, 44, 46,

48 respectively and rack 60 includes devices 61, 63, 65, 66 having associated

ultrasonic emitters 62, 64, 66, 68 respectively. In their simplest form, such ultrasonic

emitters can comprise an audio speaker (such as an existing speaker that is

integrated in a server or other piece of data center equipment) which are often

capable of generating sound energy at the lower end of the ultrasonic spectrum

(e.g., 20khz). In the alternative a suitable ultrasonic transducer (e.g., piezoelectric or

EMAT based) can be selected from a variety of well known sources. Such

transducers can also be selected based on a pre-defined beamwidth and/or filter

processing capabilities. It is also understood that a variety of ultrasonic frequencies

can be utilized without departing from the scope of the invention. It is further

understood that such signals can be simple wave forms (e.g., square waves) or they

can be coded or modulated. For example, each device fitted with a transducer can

be configured to transmit a coded ultrasound burst with one or more of the following:

the unit mode! number, the unit serial number, status information or the like. This

information can be decoded upon receipt and then utilized to supplement the relative

location information.



[0023] Each rack is also associated with one or more controllers shown

generally by blocks 38, 58 and 78 and discussed in more detail below. The

controller is generally coupied to one or more transducers operable to detect

ultrasonic energy. For matters of simplicity, such transducers may be referred to

herein as ultrasonic detectors or simply detectors. It is understood that detectors in

accordance with the invention can optionally include ultrasonic emission capabilities

as well. Again, suitable ultrasonic detectors (e.g., piezoelectric, EMAT or the like)

can be selected from a variety of well known sources. In this example, the detectors

are grouped into modules shown generally by blocks 3 1 , 38, 5 1, 58, 7 1 and 78. The

transducer modules (detector modules) can include multiple detectors. For example

detector module 3 1 includes ultrasonic detectors (transducers) 32, 34 and 36. The

connection between the controller and the various detector modules is shown

generally in dashed lines. Depending on the specific implementation, this

connection can be wired or wireless as discussed below. It is understood that a

single controller can be associated with multiple detectors. For example, a data

center can utilize a single controller in association with all of its associated detectors.

in the alternative, multiple controllers can be utilized (e.g., one controller per rack,

one controller per detector module or other variations). The controller can be

implemented using convention PC hardware and software. The controller may be

implemented with one or more digital processors, microcontrollers or the like. Such

processors can be employed to carry out the more timing sensitive aspects of the

invention (e.g., time of arrival measurements) as discussed below. The controller

will typically include input/output devices such a keyboard, mouse, display and a

user interface as is well known in the computer art. The controller can include

network hardware (e.g., wired and/or wireless) and can be coupied to a data network

and/or the internet. It is also understood that a variety of detector and controller

configurations can be utilized without departing from the scope of the invention.

[0024] The controller can be separated from or integrated into the detector

module. It is also possible to combine the controller and/or detector module with

existing data center equipment. For example, ultrasonic detectors and/or controllers

can be integrated into power management equipment such as the DOMINION PX

remote power management devices available from Raritan, Inc. of Somerset, NJ.

Such remote power management devices are designed for integration with typical



data center equipment racks and are available in a variety of configurations (e.g.,

Zero U, 1U, 2U), In the current example, racks 20 and 40 are equipped with Zero U

configuration detector modules. It is understood that these module can include

various levels of power distribution functionality (e.g., a plurality of electrical outlets,

outlet levei power switching, temperature and humidity sensing, power measurement

capabilities and the fike, see e.g., block 80). In this example, the detector modules

include several ultrasonic detectors that are spaced apart by known distances and

angular displacements. Rack 60 is shown with a n alternative controller configuration

78 (e.g., a 2U configuration) including one or more ultrasonic transducers 79. St is

underslood that controller 78 can be used in conjunction with or in addition to the

Zero U detector modules (e.g., 7 1 and 78).

II. System Operation

I0025J The invention utilizes ultrasonic transducers and triangulation or sound

ranging techniques to determine the physical location of data center equipment. In a

typical scenario, the system will determine the relative position of a given device with

respect to the various detectors, other devices, equipment rack positions or the like.

For example, the system may determine that a given device is generally located

closer a first detector as compared to a second detector. Similarly, the system may

determine that a first device is generally located above a second device in a given

rack. In general, the system will utilize all available information to synthesize the

best possible map of the physical location of ail devices having ultrasound emitters.

The resulting map can be output by conventional means such as a computer display

82 coupled to the controller, hard copy or the like. Maps can also be distributed via a

data network, email or the like. In cases where the absolute location of at least one

landmark in the data center is known, the system can convert the relative locations

to absolute locations (e.g., longitude and latitude) using known techniques.

J00261 It is understood that a topological map in accordance with the invention

can include text, graphics or a combination thereof. The map may also include

information that is decoded from the ultrasound burst. Figure 6 shows an exemplary

topological map 200 in accordance with the invention. In this example, the data

center has three equipment racks shown graphically by blocks 220, 240, 260. The

map can also include the relative distance between the racks as shown by dashed

lines 221 , 222, 223, 234. The map can also include distance labels 231 , 232, 233,



234 to show the relative location of each of the equipment racks in the data center.

It is understood that supplemental transducers can be attached to the data center

walls, partitions, or other landmarks thereby allowing the system to determine the

relative location of the various equipment racks and devices with respect to those

landmarks.

[0027] Figure 7 shows an example of a text based map 300 in accordance

with the invention. The map can generally identify each equipment rack as shown by

reference numbers 310, 320 and 330. The map can also show the devices

associated with each equipment rack (i.e., the devices installed in the rack) as

shown by reference numbers 314, 324 and 334 The map can also provide the

relative locations of each device and rack as shown by reference numbers 322 and

332. In cases where the ultrasound burst is encoded with data, this information may

also be displayed. In this example, the devices in rack 3 utilized ultrasound bursts

that were encoded with the serial number, model number and status of the device.

This is shown graphically by reference numbers 336, 337 and 338. In this example,

the location of Racks 2 and 3 are reported relative to Rack 1 using Cartesian

coordinates in two dimensions. It is understood that the relative locations can also

be reported in three dimensions. It is understood that a variety of coordinate

systems and/or notations could be used without departing from the scope of the

invention (e.g., polar coordinates, cylindrical coordinates, spherical coordinates ...).

It is also understood that the relative coordinates can be converted into actual

physical coordinates based on the location of one or more landmarks in the data

center. For example, the user can supply the location of data center wails and the

location of the one of the equipment racks within the data center. Based on this

information, the system can identify the location of each rack and its associated

devices using known techniques. It is also understood that any of the information

discussed above in connection with text based maps can also be incorporated into a

graphical map as discussed in connection with Figure 6.

[0028] Basic system operation is shown in Figure 2a. The system utilizes a

controller 100 and several ultrasonic detectors in this example, a single detector

module 102 is shown with three detectors 104, 106 and 108. Each device for which

position information is to be determined includes an ultrasonic emitter in this

example, only a single device 110 with emitter 112 is shown for purposes of clarity.



Assume for purposes of this example that device 110 is at an unknown location in a

data center. Also assume for this example that the detectors have a known spacing

(shown graphically as d2 and d3). Each of the detectors 104, 106 and 108 are

operable to simultaneously receive ultrasonic signals. The emitter 112 is then

activated so as to generate an ultrasonic signal. The resulting ultrasonic signal is

then detected by detectors 104, 106 and 108.

[0029| Referring to Figure 2b, emitter 112 is shown generally operating as a

point source. Depending on the physical location of the device, the path lengths

between device 110 and each of the detectors 104, 106 and 108 may be different.

These differences will result in a different time of arrival (i.e., the time of detection of

an ultrasonic signal) for each detector. In the current example, the device 110 is

closest to detector 102. For purpose of this discussion, the time of arrival at detector

1 is labeled t 1. The time of arrival at detector 2 is t1+ ∆2 , the time of arrival at

detector 3 is t1+ ∆3 . In this case the ∆2 and ∆ 3 represent the increased time delay

for the sound the travel to each of the associated detectors 106 and 108. These

time delays can be mathematicalty translated into distances as discussed below.

[003Θ] It is generally know that in dry air with a temperature of 2 1 0C the

speed of sound is 344 m/s. Utilizing the time of arriva! information, the speed of

sound and the basic geometry of the detector locations (e.g., the known distance

between the various detectors, angular displacements and the like), the system can

generally determine the location of the device in question relative to the detectors. It

is understood that the system can compensate for variations in the speed of sound

based on environmental factors (e.g., temperature and humidity).

|0031] A variety of techniques such as triangulation or sound ranging can be

utilized to determine the location of a device under test. Sound ranging generally

uses pairs of detectors to produce a bearing to the emitter. The intersection of these

bearings gives the location of the emitter. The bearings are derived from the

differences in the time of arrival at the detectors. For example, Figure 3 shows an

exemplary drawing with the basic geometry of the system. Assume for purposes of

this example:

the distance from detector 1 to detector 3 is known (r5),

the distance from 2 to detector 3 is known (r4), and

the angles between detectors are known (θ , 0).



[0032] Based on these known distance and angular values, there are a

number of ways to determine the basic location of the emitter. One way is to apply

the law of cosines severai times. Other techniques utilize the law of sines. Typically

the system will develop a set of simultaneous equations and solve for the unknowns.

Based on the discussion contained herein, it is well within the scope of those skilled

in the art to implement the invention utilizing known mathematical techniques.

[0033] An important aspect of the system is the measurement of the times of

arrival (TOA) or the time delays between the various times of arrivals at the detector.

Measurement of this system parameter can be accomplished via a variety of

techniques including but not limited to high speed counter circuitry and phase

difference techniques in general, since the speed of sound in air is approximately

344 m/s a high speed counter clocked in the megahertz range can provide adequate

resolution. For example, assume that the path length between an emitter and two

different detectors differs by 0,01 meters. The time of arrival difference between

such detectors would be 0.01/344 ~ 30 µs . A 1 Mhz counter produces bursts with a

1 µs resolution and a 10 Mhz counter will produce bursts with a 0 1 µs resoiution.

Thus, it is readily apparent that a suitable dock rate can be determined based on the

desired resolution of the system. Similarly, phase correlation techniques can be

utilized since the ultrasonic signal received by the various detectors will vary in

phase depending on the spacing between the emitter and the detectors. TOA

circuitry operable to determine time of arrival and/or TOA delays at the various

detectors on any of the various known techniques is well within the grasp of those

skilled in the art. An example of such mathematical techniques is found in the paper

"A Synthesizable VHDL Model of the Exact Solution for Three-dimensional

Hyperbolic Positioning System" by Ralph Bucher and D. Misra, VLSI Design, 2002

Vol. 15 (2), pp. 507-520.

[0034] It is understood that the TOA or TOA differences can be measured

locally or remotely. This is shown graphically by blocks 114 and 116 in Figures 2a

and 2b. Local measurement can be carried out by embedding the TOA circuitry

adjacent to the detector or within the detector module. For example, each of the

detector modules can be instrumented with the necessary circuitry to determine the

first detector to sense an ultrasonic signal and the time differences between the TOA

for each of the other detectors in the module (collectively time of arrivai information ) .



The module can them simply communicate this information to the controller once the

information is compiled. In the local scenario, the timing of the communication

between the detector module and the controller is not critical since the high speed

timing measurements are carried out at the detector or module. Thus

communication between the module and the controller can be carried out via

conventional wired or wireless communication.

[0035] In the alternative, the controller can via hardware and/or can remotely

determine the first detector to sense an ultrasonic signal and the time differences

between the TOA for each of the other detectors in this scenario it may be

necessary to provide equal length signal paths to each detector module. The

configuration of such remote measurement hardware/software is well within the

scope of those skilled in the art.

10036] In configurations having multiple equipment racks it is also possible to

perform sound ranging to determine the relative location of each equipment rack.

This embodiment of the invention provides enhanced capability to determine and/or

verify the overall topology of the data center (e.g., the location of the detector

modules as well as other devices), to track any changes. Figure 5 is a diagram of an

exemplary data center showing sound ranging used in connection with the detector

modules (i.e., certain transducers in the detector modules are used as emitters). In

this particular example, the data center has two equipment racks 20, 40. Each

equipment rack is associated with a controller 38, 85 respectively. Each controller is

associated with a pair of detector modules 3 1, 38 and 52, 58 respectively. Each

detector module includes one or more sets of transducers. In this example,

transducer 32 is utilized to emit a burst of ultrasonic energy (shown in dashed lines).

Transducers (detectors) 52-56 are utilized to detect the ultrasonic burst. As

discussed above, the TOA differences between the transducers 52-56 can be used

to determine the relative location of transducer 32.

[0037J Figure 4 shows an exemplary flowchart detailing system operation in

accordance with the invention. It is understood that the order of execution can be

varied without departing from the scope of the invention. It is also understood that

the flowcharts contained herein are illustrative only and that other program entry and

exit points, time out functions, error checking routines and the like (not shown) would

normally be implemented in typical system software. It is also understood that some



of the individual blocks may be implemented as part of an iterative process it is also

understood that the system software can be implemented to run continuously, at

periodic intervals or at manually selected timings. Accordingly any beginning and

ending blocks are intended only to indicate logical beginning and ending points for

purposes of this disclosure.

[Θ038] in general, system operation begins with initiaiization as shown by

block 102. Initialization can include loading of data such as known system

parameters and the like. A set of detectors is then activated so that they can detect

ultrasonic signals as shown by block 162. A given device is selected and an

ultrasound burst is generated using its associated emilter. In a typical scenario, the

device at issue will be PC based and the ultrasound burst is generated via the PC

speaker. The ultrasound burst can be initiated via a variety of known software for

controlling PC speaker operation. For example, the console of the device can be

accessed via a typical terminal or console server. At the console level, a command

can be issued to initiate an audio or ultrasound burst. For example, the echo -e 7a"

command will result in the generation of a beep from a typical PC speaker (-e =

enable interpretation of backslash escapes, and Va" = alert or BEL). There are a

variety of available programs that can alter the frequency of the tone generated by a

PC speaker. It is also known to alter the PC system timers associated with PC

speaker tone generation. Based on the foregoing, it is well within the grasp of those

skilled in the art to set the PC speaker frequency to the lower end of the ultrasonic

range and generate a burst in accordance with the invention it is also understood

that each device can be equipped with an ultrasonic transducer that can addressed

or activated by a variety known methods.

[0039] Once the ultrasonic burst is generated the detectors receive the burst

and the TOA circuitry determines the first detector to receive the burst. The TOA

differences between the various detectors can also be determined as shown by

block 166. This process is repeated for each device at issue, as shown by block

168. Once all of the TOA information is captured, the system can then utilized the

known information and TOA information to determine the relative location of each

device in the data center as shown by block 170. It is understood that TOA

information can be gathered from each device in the data center. In cases where

there are multiple controllers with associated sets of transducers, one or more of the

- I2 -



transducers from each set can be energized so as to emit ultrasonic energy. One or

more of the remaining controllers can configured to detect ultrasonic bursts and can

perform sound ranging to determine the relative location of the transducers under

test.

J004Θ] While the foregoing description and drawings represent the exemplary

embodiments of the present invention, it will be understood that various changes and

modifications may be made without departing from the scope of the present

invention.



WHAT IS CLAIMED IS

1. A system for automatic discovery of the physicai iocation of at least

one device in a data center, the device having an associated ultrasonic emitter, the

system comprising:

a first set of uitrasonic transducers having known locations in the data

center,

a first controller associated with the first set of ultrasonic transducers

wherein the first controller initiates the generation of an ultrasonic signa! from the

ultrasonic emitter associated with the device,

time of arrival circuitry that generates time of arrival information based

on the time of receipt of the ultrasonic signal at each ultrasonic transducer in the first

set of ultrasonic transducers,

wherein the first controller determines the relative location of the device

based on the known location of the first set of ultrasonic transducers within the data

center and the time of arrival information associated with each ultrasonic transducer

in the first set of ultrasonic transducers.

2. The system of claim 1 wherein at least two ultrasonic transducers in

the first set of transducers are housed in a transducer module.

3 . The system of claim 2 wherein the transducer module also includes

power distribution circuitry.

4. The system of claim 2 wherein the transducer module also includes

environmental monitoring circuitry.

5 . The system of claim 1 wherein the ultrasonic emitter is a speaker.

6. The system of claim 2 wherein the first controller is located in the

transducer module.

7. The system of claim 2 wherein the first controller is located remotely

from the transducer module.



8 . The system of claim 2 wherein the time of arrival circuitry is located in

the transducer module.

9. The system of claim 2 wherein the time of arrival circuitry is located

remotely from the transducer module.

10. The system of claim 1 wherein the time of arrival circuitry comprises at

least one counter.

11. The system of claim 1 wherein the time of arrival circuitry utilizes the

phase difference between the ultrasonic signal received from at least two detectors.

12. The system of claim 1 wherein the data center includes multiple

devices each having an associated ultrasonic emitter that generate an ultrasonic

signal and wherein with first controller generates a map of the location of the device

in the data center based on the time of arrival information derived from the ultrasonic

signal generated by each ultrasonic emitter.

13. The system of claim 12 wherein the map contains at least one of text

and graphics wherein the map includes the relative location of each device having an

associated ultrasonic emitter.

14. The system of claim 12 wherein the ultrasonic signal is encoded with

data representing at least one of a device serial number, a device model number and

a device status.

15. The system of claim 14 wherein the map contains at least one of text

and graphics and wherein map contains at least one of a device serial number, a

device model number and a device status derived from the encoded ultrasonic

signal.



16. The system of claim 12 comprising at least one supplemental

transducer tied to at least one landmark in the data center.

17. The system of claim 16 wherein the map contains the relative location

of the at least one supplemental transducer.

18. The system of claim 12 wherein the map contains absolute locations of

each having an associated ultrasonic emitter, the absolute iocations being derived

from the relative locations of each device.

19. The system of claim 1 comprising:

a second set of ultrasonic transducers having known locations in the

data center,

a second controller associated with the second set of ultrasonic

transducers

second time of arrival circuitry that generates time of arrival information

based on the time of receipt of the ultrasonic signal at each ultrasonic transducer in

the second set of ultrasonic transducers,

wherein the first set of ultrasonic detectors are utilized to generate ultrasonic

signals, and wherein the second controller determines the relative location of each of

the transducers in the first set of transducers based on the known location of the

second set of ultrasonic transducers within the data center and the time of arrival

information associated with each ultrasonic transducer in the second set of ultrasonic

transducers.

20. A method for automatic discovery of the physical location of at least

one device in the data center, the device having an associated ultrasonic emitter,

with a first set of ultrasonic transducers having known locations in the data center,

the method comprising:

activating the first set of ultrasonic transducers having known locations

in the data center to receive ultrasonic signals,



emitting an ultrasonic signal from the associated ultrasonic emitter of

the at least one device,

receiving the ultrasonic signal from the associated emitter of the at

least one device by the first set of ultrasonic transducers,

capturing the time of arrival information based on the receipt of the

ultrasonic signal form the associated ultrasonic emitter by the first set of ultrasonic

transducers,

computing the position of the at least one device based on the time of

arrival information and the known location of the first set of ultrasonic transducers.

2 1. The method of claim 20, wherein the data center includes multiple

devices having an associated ultrasonic a better, further comprising:

deactivating the first set of uitrasonic transducers,

repeating activating, emitting, receiving, capturing, and computing for

each of the at least one devices in the data center having an associated ultrasonic

emitter.

22. The method of claim 2 1, further comprising generating a map of the

positions of each of the at least one devices in the data center based on computing

the position of each of the at east one devices.

23. The method of claim 22, wherein at least one transducer is associated

with the at least one landmark in the data center.

24. The method of claim 23, further comprising converting the positions of

each of the at least one devices to a absolute position based on the absolute

location of at least one landmark.

25. The method of claim 22, wherein the map contains at least one of text

and graphics.

26. The method of claim 20, further comprising:

encoding data in the ultrasonic signal,



decoding data in the ultrasonic signal.

27. The method of claim 26, wherein the data in the ultrasonic signal

includes at least one of a device serial number, device mode! number and a device

status.

28. The method of claim 27, further comprising generating a map of the

positions of each of the at least one devices of the data center based on computing

the positions of each of the least one devices wherein the map contains at least one

of a device serial number, device model number and device status derived from the

encoded ultrasonic signal.

29. The method of ciaim 20, wherein the computing the position of the at

least one device is performed by a first controller.

30. A system for automatic discovery of the physical location of a plurality

of devices in a data center, each device having an associated ultrasonic emitter, the

system comprising:

a first set of ultrasonic transducers having known locations in the data

center,

a first controller associated with the first set of ultrasonic transducers

wherein the first controller initiates the generation of an ultrasonic signal from the

ultrasonic emitter associated with each device,

time arrival circuitry that generates time of arrival information based on

the time of receipt of the ultrasonic signal at each ultrasonic transducer in the first set

of ultrasonic transducers,

wherein the first controller determines the relative location of each

device based on the known location of the first set of ultrasonic transducers within

the data center and the time of arrival information associated with each ultrasonic

transducer in the first set of ultrasonic transducers and wherein the first controller

generates a map of the location of each device in the data center based on the time

of arrival information.
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