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(57) ABSTRACT 

AWireless communication system operating in the presence 
of the periodic noise signals such as from a microwave oven, 
the communication system, including at least tWo Wireless 
communication stations With each station including a trans 
ceiver, each such transceiver. Each transceiver includes a 
detector for detecting periodic noise signals and producing 
a ?rst signal indicating the presence of noise signal’s qui 
escent period and second signals indicating the end of 
quiescent periods of such periodic noise signal. A controller 
responsive to the ?rst and second noise signals controls the 
transceiver to provide effective communication With an 
other transceiver Which minimizes the noise effect of the 
periodic noise signal. The transceiver transmits information 
concerning the detected quiescent period for use by the other 
transceiver to determine When to transmit during such 
quiescent period. 
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COMMUNICATING IN THE PRESENCE OF 
PERIODIC NOISE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] Reference is made to commonly-assigned US. 
Provisional Patent Application Ser. No. 60/118,798 ?led 
Feb. 5, 1999, by Carlson et al. entitled “Communicating in 
the Presence of Periodic MicroWave Noise.” 

FIELD OF THE INVENTION 

[0002] This invention relates to a digital Wireless Wide 
band RF communication system operating in periodic noise 
environments. Such a system is useful, for eXample, for 
communicating digital data at high data rates; eg rates 
greater than 1 Mega bits per second (Mbps). 

BACKGROUND OF THE INVENTION 

[0003] With the advent of digital photography, the Wire 
less transmission of digital images, for eXample betWeen a 
portable transmitting device like a digital camera and a 
receiving device such as a personal computer or other image 
appliance such as a printer, has become a desirable feature. 
High data rate transmissions are desirable because digital 
images represent a large amount of data and short transmis 
sion times are needed. Short transmission times result in 
shorter Wait times While an image is being transferred from 
a camera to a receiver and in reduced battery poWer con 
sumption. 

[0004] Although there are several useful communication 
bands available for such a digital communication system, 
the 2.4 to 2.5 GHZ ISM Band is particularly attractive 
because the band is unlicensed and available internationally. 
HoWever, a major problem eXists With the use of this band 
for Wireless communication. The band is allocated for 
microWave ovens and other devices, Which as described 
beloW, generate a great deal of periodic noise in the band. 
Other communication bands like the 5.75 GHZ band can also 
have periodic noise generators present. For the purpose of 
describing the present invention, references Will only be 
made to periodic microWave noise as is present in the 2.4 to 
2.5 GHZ ISM band. It Will be understood that the same 
principles can be used in the presence of any other kind of 
periodic noise in any communication band. 

[0005] Radio frequency (RF) transmissions in the 2.4 to 
2.5 GHZ ISM Band have historically had to deal With the 
presence of man-made noise from microWave ovens that 
predominately operate in the center of this band at 2.45 GHZ. 
The noise emanates from the oven by leakage through the 
enclosure of the oven. The leakage noise is periodic and has 
a radiated output poWer approximately 20 dB greater in 
strength than that alloWed by the FCC for operation of Part 
15 non spread spectrum radios. With over 200 million 
microWave ovens in use throughout the World, they are by 
far the greatest and most signi?cant source of noise in this 
band. In addition microWave lighting and illumination sys 
tems are soon to be in use in the same band creating 
additional noise interference. Some eXamples of locations 
Where it Would be desirable to transmit images in the 
presence of periodic microWave noise are in the home 
(particularly in the kitchen), or in a supermarket or depart 
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ment store Where a photo kiosk may be located near a 
microWave oven or lighting system. 

[0006] One possible Way to communicate in the presence 
of microWave noise is to use a spread spectrum communi 
cation technique. One type of spread spectrum technique 
spreads the signal over a band Which is much larger than the 
bandWidth of the signal so that the narroW band noise from 
the noise source has a reduced effect on the demodulated 
signal to noise ratio. This technique hoWever is relatively 
expensive to implement, signi?cantly limits the data 
throughput (eg by a factor of 8 or more) and does not Work 
Well if the receiver is located very close to the noise source. 
Another Way to communicate in the presence in the presence 
of microWave noise is described in US. Pat. No. 5,574,979, 
issued Nov. 12, 1996 to West, entitled “Periodic Interference 
Avoidance in a Wireless Radio Frequency Communication 
System.” This patent demonstrates a potential solution by 
avoiding microWave oven periodic noise by sensing the 
periodicity of the AC poWer line main in Which the oven is 
connected to. Unfortunately this technique does not Work for 
periodic noise sources other than microWave ovens or in 
cases Where multiple microWave noise sources on different 
phases eXist. This technique also does not Work in cases 
Where the RF communication equipment is battery poWered 
and no connection to an AC poWer main can be made, nor 
can the AC main E ?eld radiation be received by the RF 
communication equipment. Furthermore this approach does 
not address the problem Where one of the Wireless commu 
nication stations can sense the noise, but the other Wireless 
communication station cannot; When both stations are sub 
jected to noise having different characteristics; or When three 
or more stations are trying to communicate and one or more 

are in a noise environment. 

[0007] There is a need therefore for an improved means of 
digital communication in environments With periodic noise. 

SUMMARY OF THE INVENTION 

[0008] This need is met by a Wireless communication 
system operating in the presence of periodic noise signals 
such as from a microWave oven, that includes at least tWo 
Wireless communication stations With each station including 
a transceiver, each such transceiver. Each transceiver 
includes a detector for detecting periodic noise signals and 
producing a ?rst signal indicating the presence of noise 
signal’s quiescent period and second signals indicating the 
end of quiescent periods of such periodic noise signal. A 
controller responsive to the ?rst and second noise signals 
controls the transceiver to provide effective communication 
With an other transceiver Which minimiZes the noise effect of 
the periodic noise signal. The transceiver transmits infor 
mation concerning the detected quiescent period for use by 
the other transceiver to determine When to transmit during 
such quiescent period. 

[0009] Advantages of the present invention include: 

[0010] 1. When each station can tell the other sta 
tion(s) When periodic microWave signals Will pre 
vent reception, the transmitting stations can Wait to 
transmit during the proper time. While Waiting, 
systems may be poWered doWn to reduce energy 
consumption, reduce interference With other devices 
and more ef?ciently control data How to and from the 
host CPU; and 



US 2005/0124298 A1 

[0011] 2. If tWo stations have interference betWeen 
them, either partially or completely overlapping in 
time, the stations can look for other available stations 
With Which to communicate in a more ef?cient 
manner, or Wait until the ?rst station is more avail 
able. 

[0012] This invention is less expensive than one that uses 
a master clock to assign a global time reference to all 
stations and their quiescent periods. Such a system requires 
expensive accurate internal time bases or access to a Global 
Positioning System time base such as used by Code Division 
Multiple Access cellular systems. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a plot of a typical RF Waveform produced 
by a microWave oven; 

[0014] FIG. 2 is a block diagram of a transceiver accord 
ing to the present invention; 

[0015] FIG. 3 is a block diagram of a microWave oven 
detection circuit; 

[0016] FIG. 4 is a plot of the sync clock signal generated 
by the microWave oven noise detection circuit of FIG. 3; 

[0017] FIG. 5 is a schematic diagram depicting the situ 
ation Wherein both stations are receive interference from the 
same noise source; 

[0018] FIG. 6 is schematic diagram depicting the situation 
in Which only one of tWo stations is receiving interference; 

[0019] FIG. 7 is a schematic diagram depicting the situ 
ation in Which both stations are being receiving interference 
from different noise sources; 

[0020] FIG. 8 is a schematic diagram depicting multiple 
stations With one noise source; 

[0021] FIG. 9 shoWs an example packet format that can be 
used to communicate quiescent period, duration, signal 
strength and type of service data to other stations; and 

[0022] FIG. 10 is a timing diagram based on FIG. 4 
shoWing When the “start of quiescent period” and “end of 
quiescent period” packets Would be transmitted. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0023] In addressing the above problem, it is understood 
that the energy emitted by a microWave oven is periodic at 
a frequency based on the AC poWer line voltage frequency. 
Referring to FIG. 1, a typical noise energy Waveform 10 
produced by a microWave oven is shoWn. The source of the 
RF noise energy is the magnetron Within the microWave 
oven, Which is driven by the AC poWer line. The output 
noise spectrum is pulsed at approximately a 50% duty cycle 
synchroniZed to the AC line voltage. The frequency of the 
periodic microWave signal us usually 50 or 60 HertZ or 100 
or 120 HZ for bridge recti?ed systems. According to the 
present invention, this pulsed noise is detected and commu 
nication is conducted during the quiescent periods, that is 
during the periods 11 (betWeen times T1 and T2 and times T3 
and T4) When the microWave oven is off. 

[0024] Referring to FIG. 2, a system for communicating 
digital data according to the present invention includes a 
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transceiver 12 for communicating in the presence of micro 
Wave oven. The term “transceiver” means a transmitter 

receiver combination. The transceiver includes a transmitter 
14, a receiver 16, and a transmit/receive sWitch 18 that 
selectively connects an antenna 20 to the transmitter or the 
receiver. The transmitter 14 is a standard design 2.4 to 2.5 
GHZ transmitter employing any knoWn modulation scheme 
such as frequency shift keying FSK or quadrature phase shift 
keying QPSK. The receiver 16 is a standard design 2.4 to 2.5 
GHZ receiver With the capability of demodulating a 20 Mbps 
FSK or a 40 Mbps QPSK signal. The FSK demodulator in 
the receiver 16 is for example a Motorola MC13155 inte 
grated circuit. The transceiver 12 also includes a microWave 
noise detect circuit 22 connected to the RSSI 17 (Receive 
Signal Strength Indicator) of the receiver 16. 

[0025] The transceiver 12 is controlled by a microproces 
sor 24. The microprocessor 24 may for example be a 
microprocessor that is also used to control an image appli 
ance 26 (i.e. camera, printer, kiosk, or personal computer), 
or may be a microprocessor that is speci?cally supplied With 
the communication system. The microprocessor 24 controls 
the transmit/receive sWitch 18, prepares the data from the 
image appliance 26 to be transmitted by transmitter 14, and 
receives the data from the receiver 16 to supply received 
data to the image appliance 26. 

[0026] Referring to FIG. 3, microWave noise detect circuit 
22 uses the RSSI signal 17 from the receiver 16 to generate 
a sync clock 30 and a Lock detect 28 signal as described 
beloW, Which are supplied to the microprocessor 24 for 
controlling the communication of data during quiescent 
periods in the microWave oven noise 10. The main function 
of this circuitry 22 is to lock on to the envelope of the 
microWave oven noise 10 using the AM detector in the RSSI 
circuitry (not shoWn) to generate a Lock detect signal 28 and 
a synchroniZation (Sync) clock 30 for the microprocessor. 

[0027] The Lock detect signal 28 informs the micropro 
cessor 24 that an AC line frequency periodic microWave 
energy signature is present. To generate the Lock detect 
signal 28, the RSSI 17 input signal coming from the receiver 
is ?rst buffered 46 and provided both to a phase locked loop 
circuit 56 and sync clock generator circuitry 32. The phase 
locked loop circuit 56 includes a Voltage Controlled Oscil 
lator (VCO) 52, a Phase Comparator 48 that produces a 
phase error output signal 54 and a LoW Pass loop Filter 
(LPF) 50. The circuit is designed to provide a Lock detect 
signal 28 if it is supplied With a 50 to 120 HertZ RSSI signal 
17. The circuit is commercially available in integrated 
circuit form from manufacturers such as Motorola. A com 
monly used part number is CD4046. 

[0028] FIG. 4 shoWs the Sync clock signal 30 referenced 
to the microWave oven noise energy in FIG. 1. Sync clock 
signal 30 is generated separately from Lock detect signal 28 
using sync clock generator circuitry 32. Sync clock signal 30 
is identical to the RSSI 17 signal in its pulse Width, fre 
quency and duty cycle. It is used to predict When the 
microWave oven Will be in the quiescent state. This detect 
and latch process is necessary since the RSSI 17 signal Will 
not be able to separate the microWave oven noise from the 
transceiver activity, once data communications commences. 
Binary counters 34, 36 sample the RSSI 17 high and loW 
periods and load the result into pre-setable counters 38, 40. 
Once the data is loaded, the Sync clock 30 is generated by 
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monostable multivibrator 42 Without the microwave signa 
ture provided by the RSSI signal 17. The Sync clock 30 is 
provided to the microprocessor 24 and is used to enable the 
transmitting of the image data only during the predicted 
quiescent or “off” periods 11 in the microWave oven’s noise 
signature. The Sync clock 30 continues to run until the 
microprocessor determines it is no longer needed, or that the 
quiescent period has shifted in phase. The microprocessor 
then resets the microWave noise detect circuitry 22 to obtain 
a neW Sync clock signal 30. 

[0029] Phase shifting can be caused by noise from mul 
tiple microWave ovens on different poWer phases (i.e. the 
duty cycle of the quiescent time available for communica 
tion is reduced). If three ovens are on simultaneously using 
three different AC phases, the RSSI signal Will be high the 
entire AC cycle and there Will be no Lock detect signal 28. 
The microprocessor 24 Will cause the transceiver to search 
for a quiet channel. Once a lock is established hoWever, the 
microprocessor 24 knoWs When to stop using the Sync clock 
either When the receiver at the far end signals the transmitter 
that the microWave oven noise has stopped and it has 
veri?ed the noise has stopped by listening, or its Lock detect 
28 goes high again synchronous With the Sync clock signal 
30, indicating that the oven noise is gone, and the transmitter 
is causing its oWn lock detect signal. 

[0030] This approach Works for different AC line frequen 
cies, and Works even if there are multiple ovens, or ovens on 
at least tWo phases of an AC distribution system, and other 
periodic microWave energy sources. 

[0031] The above described system Works most simply 
When the receiving and transmitting stations 62, 64 are both 
in the same range of the microWave oven noise source 58 as 
in FIG. 5, and both stations can determine the quiescent 
period for themselves. This range 60 is de?ned by the locus 
of points Where the transmitter signal to oven noise ratio is 
greater than for example about 12 dB, corresponding to a 
good signal reception condition. 

[0032] In FIG. 6, the transceiver station “A’s”62 ability to 
receive is affected by the noise from the oven 58 but station 
“B” is not. Note that even if station A’s ability to transmit 
is not affected by the oven if We assume that station B can 
receive station A under normal conditions. It this arrange 
ment, station B needs to be told When station A can receive 
it’s signals. 

[0033] In FIG. 7, Both stationsA and B are in the presence 
of oven noise. In this scenario, both stations have to inform 
the other of their quiescent periods. If the ovens are on the 
same AC poWer phase, this case reverts to FIG. 5. If the 
ovens are on different phases, and start at different times for 
different duration, the quiescent data must be transmitted to 
each station, and may occur at any point in the received 
packet sequence. The host or Media Access Controller must 
keep track of the status and phase of each station. 

[0034] FIG. 8 shoWs the case Where only one of three 
stations is affected by oven noise. In this case, stations B, 64 
and C, 66 may decide to communicate and Wait until A, 64 
is no longer in a noisy environment, or until stations B and 
C have completed their communications. 

[0035] To communicate information during quiescent 
periods, the data is communicated in a series of packets that 
are shorter than the quiescent period. The ?rst packet of the 
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series is called a start packet and it includes information 
about the presence and frequency of any detected noise and 
the identity of the station sending the packet. 

[0036] Since the quiescent period is much larger than any 
one packet, one approach is to have short packets dedicated 
to representing the start and stop of the quiescent period for 
any station to broadcast. Another approach is to have the 
start packet contain the duration of the quiescent period 
Whereby the stop packet is not needed. FIG. 9 shoWs a 
packet structure for accomplishing this function. FIG. 9 
demonstrates “management” type packets, and Beacon 
“subtypes”70 as de?ned by section 7.1.3 of the IEEE 802.11 
Wireless Ethernet. Packets subtypes can include: SOQP 
(Start of Quiescent Period) 68, EOQP (End of Quiescent 
Period) 72, and OS (Oven Stop). 
[0037] FIG. 10 shoWs hoW the use of start and stop 
packets that Would be transmitted With respect to the oven 
sync clock signal de?ned in FIG. 5. If the transmitted start 
packet contains the duration of the quiescent period than a 
timer in the receiver Would be used to keep tract of EOQP 
and a stop packet Would not be sent. Once communicated the 
status of the receivers and transmitters are knoWn. Decisions 
can be made When to communicate With each station based 
on it’s availability. If the SOQP packets also contain the 
RSSI signal strength of the interfering periodic energy, 
additional decisions can be made based on the degree of 
interference. 

[0038] In addition, since stations can transmit through 
interfering periodic microWave signals to receivers not 
affected by interfering periodic microWave signals, stations 
transmitting isochronous data or video streams such as USB 
devices or video devices can indicate the type of data 
(asynchronous or isochronous) in the SOQP or beacon 
packet and cause the receiver to enter a special mode. In this 
mode, the transmitter can continue to transmit and the 
receiver can receive Without bi-directional ?oW control or 
packet control such as packet acknowledgment. 

[0039] Furthermore, any system or subsystem of the com 
munication or host device, not able to be used can be shut 
doWn or reduced in poWer When ever this quiescent period 
data indicates it’s function Will be unnecessary for a deter 
mined amount of time. This reduces poWer consumption and 
improves battery life for portable devices. 

[0040] The invention has been described in detail With 
particular reference to certain preferred embodiments 
thereof, but it Will be understood that variations and modi 
?cations can be effected Within the spirit and scope of the 
invention. 

Parts List 

[0041] 10 microWave oven noise energy Wave form 

[0042] 11 quiescent (off) period 
[0043] 12 transceiver 

[0044] 14 transmitter 

[0045] 16 receiver 

[0046] 17 Receive Signal Strength Indicator (RSSI) 

[0047] 18 transmit/receive sWitch 

[0048] 20 antenna 
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[0049] 
[0050] 
[0051] 
[0052] 
[0053] 
[0054] 
[0055] 
[0056] 
[0057] 
[0058] 
[0059] 
[0060] 
[0061] 
[0062] 
[0063] 
[0064] 
[0065] 
[0066] 
[0067] 
[0068] 
[0069] 

22 microwave noise detect circuit 

24 microprocessor 

26 imaging appliance 

28 Lock detect signal 

30 Sync clock signal 

32 Sync clock circuitry 

34 binary counter 

36 binary counter 

38 pre-setable counter 

40 pre-setable counter 

42 monostable multivibrator 

44 Sync stop signal 

46 buffer 

48 phase comparator 

50 loW pass loop ?lter 

52 Voltage Controlled Oscillator 

54 phase error signal 

56 phase locked loop 

58 MicroWave Oven 

60 Range of oven noise 

62 Transceiver station a 
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[0070] 64 Transceiver station b 

[0071] 66 Transceiver station c 

[0072] “Start of quiescent period” packet 

[0073] 70 Regular packet period 

[0074] 72“End of quiescent period” packet 

What is claimed: 
1. A Wireless communication system operating in the 

presence of periodic noise signals, the communication sys 
tem comprising: 

a ?rst transceiver comprising a detector detecting a qui 
escent period in the periodic noise signals and the ?rst 
transceiver transmitting a quiescent period signal; and 

a second transceiver Wirelessly receiving the quiescent 
period signal and transmitting an information signal 
responsive to the quiescent period signal. 

2. AWireless communication method for operating in the 
presence of periodic noise signals, comprising: 

detecting a quiescent period in the periodic noise signals 
at a ?rst location and Wirelessly transmitting a quies 
cent period signal responsive to the detection; and 

receiving the quiescent period signal Wirelessly at a 
second location and Wirelessly transmitting an infor 
mation signal responsive to the received quiescent 
period signal. 


