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TRANSTION = 0 
CYCLES = 0 
CYCLES TEMP = 0 
CLOCK = 2e6 
FOR (n=2;nk=DATA; n++) 

IF (SSn) == 1) && (SS(n-1)== 1)) 
CYCLES TEMP = CYCLES TEMP +1 
CYCLES = CYCLES+1 
IF (SLIN (n-1) = SLIN(n) 

TRANSiTIONE TRANSITION + 1 
CYCLESTEMP = 1 

ELSE 

IF (TRANSITION == 0) 
CYCLES = 0 
CYCLESTEMP = 0 

ELSE 

ELSE 

CYCLES = CYCLES - CYCLES TEMP 
IF (CYCLES <= 0) 

CYCLES = 1 
ELSE 

FREQUENCY ESTIMATE= (TRANSiTION - 1) CLOCKI (CYCLES*2) 

7-2, 72 



Patent Application Publication Sep. 16, 2004 Sheet 6 of 10 US 2004/0178944 A1 

= CHOPPING SIGNAL 

LATENCY PR 
NIT PRI 

RF 

RF DETECT 
- - - - - - 

UPLINK GATE - 

DOWNLOAD INTN U 

LD SYMBOL 

XMT 

  

  



Patent Application Publication Sep. 16, 2004 Sheet 7 of 10 US 2004/0178944 A1 

NOTE:LOGICHIGHIS SWITCHOPEN, LOGICLOWIS SWITCHCLOSED. 
ONE CHOP CYCLE 

H-(180NS)-- 
REC RIT TX TIB BLANKING BR 

D-3 D-3 D-C 
50NS 1ONS 5ONS 1 ONS 50NS 1ONS 

S1 

S2 
RECEIVE TRANSMIT BLANKING 

722, ZO 

B = 4xb2+2xb4+ bo 
BLANKING (NS) = 60+20x B 

G 

/(2, Z Za/ 

DATA AVERAGE FREQUENCY PHASE 
BT DEVATION (DEGREES) 

(HERTZ) 
000 +3100586 +90 
001 +102539 90 

-1025391 +90 
100 +3100586 -90 

+1025391 -90 
110 -3100586 -90 
111 - 1025391 -90 

    

  

  

  

  



Patent Application Publication Sep. 16, 2004 Sheet 8 of 10 US 2004/0178944 A1 

PW INPUTRADAR PULSES 

LFM LFM FM 

PR 

OUTPUTTAGPULSES 

TAGMODULATOR BEGINS 
10ONS OF PULSEEDGE 

AND SYNC WITH RADAR PRI 

3 BITS PER PULSE 
2LFM BITS AND 

1 PM BIT 

LFMAFTER 
SAMPLNG 

A. FROM FIGURE 2 

U 
SAMPLE CLOCK 

FMN-PHASE 

FM QUADRATURE 
PHASE 

B. REPLACE WITH THIS FOR SLOPEDIRECTION CAPABILITY 

722, Z3 

  

  

  



Patent Application Publication Sep. 16, 2004 Sheet 9 of 10 US 2004/0178944 A1 

RADIOTAG FORLFM RADAR 

"o 5000 10000 1500 2000 2500 30000 
Time, nanoSeconds 

722, Z4a/ 

FOR (n = 2; N <= DATA; n++) 
IF (SSn) == 1) 88 (SS(n-1) == 1)) 

IF (SLIN Q(n-1) = SLINQ(n) 8& SLIN Q(n) == 1)) 
SLOPE(n) = SLIN_n) 

762, Z40 

  



Patent Application Publication Sep. 16, 2004 Sheet 10 of 10 US 2004/0178944 A1 

2.0 
DETECT AM -e- 

1.5 FM PHASE SLOPE O 

1.0 

0.5 

O 5.12 10.24 16.36 20.48 25.60 30.72 
Time, US 

722, Z5 
DETECTAM -e- 

FM PHASE SLOPE O 

5.12 1024, 1636 2048 25.60 30.72 
Time, US 

722, Z6 

  



US 2004/0178944 A1 

RADIOTAG FOR LFM RADAR 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001) (Not Applicable) 

STATEMENT RE: FEDERALLY SPONSORED 
RESEARCH/DEVELOPMENT 

0002) (Not Applicable) 

BACKGROUND OF THE INVENTION 

0003) A basic transponder receives a signal from a SAR 
(Synthetic-aperture radar), and then retransmits the signal 
back to the SAR. The problem with retransmitting the signal 
back to the SAR without any changes is that the Signal must 
compete with ground reflection noise from natural and 
cultural ground clutter. If no type of modulation is used, then 
to Stand out above the background noise, extra power and 
electronics are often needed to increase the gain in the return 
Signal, often requiring two antennas, one for receiving and 
one for transmitting. Most transponders do not provide any 
added information in the retransmitted Signal. In most cases 
the interrogator is a SAR located in an aircraft or Satellite, 
and a transponder is located Some distance away from the 
radar, normally on the ground. 
0004. The ability to provide command control and com 
munications to and from a transponder has many potential 
applications. Besides the military applications for battlefield 
management, intelligence gathering and the like, there are 
commercial applications which include transponder Status, 
other environmental Status and emergency response. A RFID 
(radio frequency identification) System contains two main 
elements, an interrogator and one or more transponders. In 
the radar transmission between the interrogator and tran 
sponder, a RF signal is encoded within the SAR pulse to 
provide information between the interrogator and transpon 
der, that is normally unknown to the other element. 
0005 U.S. Pat. No. 5,486,830 discloses a RFID system 
wherein digital codes are encoded in the SAR signal that is 
received by a transponder, also called a RF tag or simply tag. 
A Single antenna can be utilized by this transponder to 
transmit and receive Signals. This is accomplished by a 
time-gating method using a 50% duty cycle factor for Setting 
the tag's transmitting and receiving intervals, which are 
mutually exclusive. The received SAR signal is mixed with 
a reference oscillator to provide a detected Signal that can be 
decoded. Tag logic and timing circuits measure the time 
between detected pulses and decode these pulses into down 
link commands from the SAR, symbols of the downlink 
commands are encoded in the Spacing between the SAR 
pulses. Downlink commands contain mode information that 
allows the SAR and tag to obtain a common pulse indeX 
(coarse Synchronization). However, in order to achieve fine 
Synchronization the tag must average the measured time-of 
arrival of a number of pulses. After fine Synchronization is 
achieved, and if So commanded, the tag will go into the 
uplink mode. The tag device phase encodes its echo with a 
Sequence containing both prescribed and periodic or pseudo 
random patterns, containing Status or information unknown 
to the radar Source's signal processor. A bi-phase (0/pi) 
modulator is utilized to allow Selective amplification of +1 
or -1 of the Signal before retransmitting the Signal back to 
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the SAR. The Signal processing at the SAR mixes a Sequence 
identical to the prescribed periodic or pseudo-random Selec 
tive amplification against the received echoes. This Selective 
amplification spreads the Spectrum of the natural or cultural 
echoes and de-Spreads the tag's echo, making the retrans 
mitted Signal Stand out above the natural or cultural noise. 

SUMMARY OF THE INVENTION 

0006 The present invention is an improvement over the 
other REFID systems. Prior art used simple pulses defined 
by their spacings in the SAR pulses. The pulses represent 
Symbols that encode the digital information contained in the 
SAR pulses. 
0007) The present invention uses SAR LFM (linear fre 
quency modulation) pulse waveforms. One advantage of 
using LFM pulse waveforms is that these waveforms are not 
noise sensitive. While the symbols of the encoded digital 
code are determined by the time internal between the pulses 
as in U.S. Pat. No. 5,486,830, noise can cause an incorrect 
interval to be detected and thereby generate an invalid 
meSSage. 

0008 Two receivers, an AM and a FM receiver, are 
connected to an antenna and are used to demodulate their 
respective components of the LFM pulse waveform. The 
output of the AM receiver is the demodulated envelope that 
is proportional to the amplitude of the AM component of the 
LFM pulse waveform. The amplitude and time duration are 
compared to a preprogrammed threshold and time duration 
criteria. The preprogrammed criteria are Stored in the tag 
DSP (Digital Signal Processor. If both the threshold value 
and time duration are determined to be valid, then the 
demodulated FM portion of the LFM pulse waveform is 
checked for validity. 
0009. A reference local oscillator is needed to demodu 
late FM signal component of a LFM pulse waveform. This 
is generated by delaying LFM pulse waveform and mixing 
it with the non-delayed LFM pulse waveform. A separate 
reference oscillator is, therefore, not required. The demodu 
lated waveform is then passed through a Zero-crossing 
detector. The output of the Zero-crossing detector is Sampled 
and the samples are counted by the DSP to estimate the 
average frequency over the pulse duration. 
0010. In order to determine the slope of the frequency 
deviation, a 90 power splitter is added to the local oscilla 
tor, before the mixer. The power Splitter has two outputs, one 
in-phase and one in quadrature-phase with the LFM pulse 
waveform. The Signal component Set of mixer, lowpass 
filter, Zero-crossing detector and Sampler is replaced with 
two identical sets of components. The output of the set with 
the in-phase signal is labeled “FM In-Phase”, and the output 
of the set with the quadrature-phase signal is labeled “FM 
quadrature-phase'. These two outputs are then used by the 
DSP to determine the slope of the frequency deviation. 
0011. The DSP utilizes the slope information and fre 
quency deviation to determine the message Sent by the SAR. 
Though the use of Phase Modulation (PM), the tag can 
encode data to send back to the SAR. 

0012. By using RF switches, the signals can be directed 
So that the same antenna can be used for receiving and 
transmitting. Since the same antenna is used, a chop timing 
of the RF switches in required. There are 3 stages in the chop 
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Signal: receive, transmit and blanking. The blanking Stage is 
required to prevent oscillations in the tag due to reflections 
from nearby objects. Some Systems require randomizing the 
blanking time to prevent the radar from accidentally locking 
onto the Spectral lines that are generated during the chopping 
of the RF signal. The blanking times can change pseudo 
randomly each cycle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 Illustrative and presently preferred embodiments of 
the present invention are shown in the accompanying draw 
ings in which: 
0.014 FIG. 1 is simplified block diagram of the tag; 
0.015 FIG. 2 is the detailed block diagram of the tag; 
0016 FIG. 3 is the detailed block diagram of the digital 
Signal processor, 
0017 FIG. 4 is the software flow diagram during mes 
Sage reception; 
0018 FIG. 5 is the signal flow through the AM receiver; 
0019 FIG. 6 is the signal flow through the FM receiver; 
0020 FIG. 7a is a graph of the low pass filter output of 
the FM receiver; 

0021) 
code; 

FIG.7b is a table showing the frequency estimator 

0022 FIG. 8 is a timing diagram for synchronizing the 
tag and radar; 
0023 FIG. 9 is the signal flow during transmit; 
0024 FIG. 10 shows the chop timing of S1 and S2; 
0.025 FIG.11a is a diagram of the random chop genera 
tor, 

0.026 FIG. 11b is a table showing the tag modulation 
States per pulse, 
0027 FIG. 12 shows the tag modulation. 
0028 FIG. 13a shows the FM receiver without slope 
direction; 

0029 FIG. 13b shows the FM receiver with slope direc 
tion capability; 
0030 FIG. 14a shows a graph of the I and Q outputs of 
the FM Receiver; 
0031) 
code; 

FIG. 14b is a table showing the slope measurement 

0032 FIG. 15 shows the slope polarity of a positive 
going LFM; and 
0.033 FIG. 16 shows the slope polarity of a negative 
going LFM. 

DETAILED DESCRIPTION 

0034 FIG. 1 shows the transponder device or tag 10 
simplified block diagram. An antenna 1 receives the LFM 
(linear frequency modulation) input waveform from SAR. 
The received waveform is then fed into the AM receiver 2, 
the FM receiver 3, and a storage element 6. The AM receiver 
2 demodulated output Signal is then fed into the digital Signal 
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processor (DSP) 4. If the DSP 4 determines that the AM 
demodulated output signal is valid, then the DSP 4 deter 
mines if the demodulated output of the FM receiver 3 is 
valid. If both demodulated outputs are valid, then the DSP 
4 checks the validity of the received LFM input waveform 
against stored data. After the DSP4 has determined that the 
data encoded in the LFM input waveform is valid, and 
decoded the message; the RF signal Stored in the Storage 
element 6 is modulated in the modulator 5. The output of the 
modulator 5 is then fed back into the antenna 1 to be 
transmitted back to the originating Source. 
0035 FIG. 2 shows a further breakdown of the compo 
nents of the tag 10. The typical operating frequency is 8 to 
12 GHz. The LFM input waveform is sensed in antenna 1. 
Abandpass filter 11 is utilized to remove any undesirable out 
of band signals out of the LFM input waveform. A first 
directional coupler 12 passes the filtered LFM input wave 
form to a RF switch 13 through the coupled side of the 
directional coupler 12. If Switch 13 is closed, then the 
received filtered RF signal will be fed into a low noise 
amplifier 14. The RF switch 13 is only closed during the 
receive cycle. Switch 20 is open during the receive cycle. 
The RF filtered LEFM input waveform is then routed 
through the coupled Side of the Second coupler 15. A Second 
low noise amplifier 22 amplifies the Signal, which is then fed 
into a power splitter 23. Up to the input of the power splitter 
23, the LFM input waveform signal has been identically 
processed for both the AM receiver 2 and FM receiver 3. 
0036) The signal flow in the AM receiver 2 continues 
from the output of the power splitter 23 though the bandpass 
filter 24. Bandpass filter 24 removes unwanted out of band 
noise generated by the two previous amplifier Stages 14 and 
22. The output of filter 24 is applied to a diode detector 25. 
The detector 25 demodulates the envelope of the LFM input 
waveform; the output of detector 25 is proportional to the 
amplitude of the LFM input waveform. A square law device 
is used in the detector although other types of detector 
devices are possible, Such as envelope, Synchronous, and 
log-Video; however the Square law detector is one of the 
most common forms. In the preferred embodiment, the 
detector 25 consists of a tunnel diode and passive bias 
components and the design is not shown but is well known 
to practitioners of the art. The detected output of the detector 
25 is filtered by a low pass filter 26, which removes the 
higher order frequency terms which were generated during 
the non-linear process of detection. A video amplifier 27 
amplifies the filtered output of filter 26. The output of the 
video amplifier 27 is applied to the positive input terminal of 
a threshold comparator 28. The Voltage at the negative input 
terminal of the comparator 28 is Set by a digital to analog 
converter (DAC) 35. The output of the DAC 35 is deter 
mined by the digital word from the DSP4. The output of the 
comparator 28 is a digital logic “1” when the input at the 
positive input terminal is higher than the Voltage at the 
negative input terminal. The output of comparator 18 is a 
logic “0” when the input at the positive input terminal is 
lower than the Voltage at the negative input terminal. The 
output of the comparator 28 is labeled “AM After Threshold 
Detection” in FIG. 2 and is applied to a field programmable 
gate array (FPGA) 44 contained in DSP 4 shown in FIG.3. 
The FPGA 44 measures the pulse width of the comparator 28 
output. This pulse width is screened to be within the 
programmable minimum and maximum limits, which typi 
cally range between 10 uS to 150 uS. A pulse width, that does 
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not pass the pulse width Screening, will not enable the 
frequency estimator within the DSP 4, as shown in FIG. 4, 
the tag Software flow diagram. An invalid pulse will cause 
no action in the frequency estimator. Only after a pulse 
width has passed the pulse width Screening will the fre 
quency estimator be enabled. 

0037. The signal flow in the FM receiver 3 continues 
from the output of the power splitter 23 though the low noise 
amplifier 29. The FM receiver shares common parts with the 
AM receiver 2 from the antenna 1 to the input of power 
splitter 23 as illustrated in FIGS. 2, 5 and 6. In the FM 
receiver is a new input signal labeled “LO” (Local Oscilla 
tor) which is utilized as shown in FIG. 6. This signal is 
generated from the input LFM pulse waveform that shares 
common parts with the AM receiver and FM receiver from 
the antenna 1 to the input of the Second directional coupler 
15, as illustrated in FIGS. 2, 5 and 6. At the coupler 15, the 
Signal passes through the main line of Second directional 
coupler 15, and then through the delay line 16. The time 
delay, of the delay line 16, in the preferred embodiment is 60 
nS with the delay element being a coaxial cable. However, 
the design of the delay line 16 will operate with any delay 
as long as the delay is constant over frequency. Other delay 
elements can be used such as SAW, BAW, optical fiber, 
tuned filter and digital circuits such as DRFM. These alter 
nate delay elements may require Support circuits that are not 
shown here, but are well known in the art. The output of 
delay line 16 then passes through the coupled Side of the 
third directional coupler 17. The output of the third direc 
tional coupler 17 then passes through the LO low noise 
buffer amplifier 34. The output of the buffer amplifier 34 is 
then fed into the LO input of the mixer 30. 

0038. The LO signal at the mixer 30 input is a delayed 
replica of the LFM input waveform received at the antenna 
1. This LO signal and the mixer 30 comprise the frequency 
detector in the FM receiver 3 of the original LFM pulse 
waveform. The frequency demodulation is accomplished by 
multiplying the delayed signal (LO) with the non-delayed 
signal in the mixer 30. The formula for the demodulation 
output of the low pass filter 31 after the mixer 30, for an 
LFM input, is given below: 

0039 Frequency output (Hz)=delay (seconds)xLFM (Hz/ 
Second). 
0040. The following is an example calculation of the 
above formula. The tag has a time delay of 60 ns, and an 
input LFM waveform is applied at 8.5 GHz with a positive 
slope ramp deviation of 100 MHz and a pulse width of 27.7 
us. The frequency output is 60e-9x100e6/27.7e-6 or 
approximately 216 KHZ. FIG. 7 shows the output of the low 
pass filter 31 for this input signal. 

0041 After the low pass filter 31, the FM signal is limited 
with a Zero-crossing comparator 32 that converts the Signal 
into a one bit digital value and the Sampling of the one bit 
digital value is controlled by the Sample Clock input, from 
the FPGA 44 of the DSP 4 as shown in FIG. 3, to the 
sampler 33. Sampler 33 may be a clocked register or an other 
circuit that can hold the value of the digital bit until the next 
sample clock is received by the sampler 33. The output of 
sampler 33 is labeled “LFM After Sampling”. The output of 
sampler 33 is applied to the microprocessor 42 in the DSP 
4 in FIG. 3, for storage in the memory RAM 41 for further 
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processing by the microprocessor 42. It is only processed if 
the output of comparator 28 is within the preprogrammed 
valid range of widths. 
0042 FIG. 4 is a diagram of the processing steps of the 
microprocessor. The output of the FM receiver 3, which is 
the output of the Sampler 33, is fed into the microprocessor 
42 for frequency estimating. The frequency estimator counts 
the Zero-crossings of the demodulated FM signal from the 
output of Sampler 33, and calculates the average frequency 
during the valid receive interval. The code for this frequency 
estimator is provided in FIG. 7B. In FIG. 7B, the variable 
“SS” represents a valid receive interval. If the variable “SS” 
is not equal to 1, then the output of the threshold comparator 
28 is not a digital logic 1. All received Signals that do not 
generate a digital logic 1 at the output of comparator 28 are 
considered to be noise and are not processed further. The 
variable “SLIN' is the digital bit in the output signal or 
comparator 33 labeled as “FM After Sampling”. The vari 
able “clock” is a 2 MHZ sample clock. The actual frequency 
can be changed but the program must make the variable 
"clock' equal to the actual Sample clock rate used. The 
variable “data' is the Sample length. The Sample length 
dynamically changes with the width of the input pulse. 

0043. In the previous example, the sample length would 
be 2 Mhzx27.7 us, or approximately 55 samples. Using the 
frequency estimator of FIG. 7B and the 100 MHz, deviation 
from the example, the calculated frequency output is 219 
KHZ. This is within 2% of the theoretical value of 216 KHZ 
and is satisfactory for the RFID system. The FM processing 
continues in FIG. 4, where the measured frequency is 
compared to a table of valid frequencies. If the comparison 
is true, then the tag builds a message from the data that was 
encoded in the pulse width and frequency deviations of the 
received input LFM pulse waveform. Although this imple 
mentation is described in Software, faster operation could be 
obtained using a matched filter in the DSP section. 
0044) The tag 10 checks the validity of the data in the 
message by examining the data fields and performing a 
checksum. An example of a checksum is the CCITT 16 bit 
CRC (cyclic redundancy check). However, other types of 
checksum may be used since the type of checking does not 
materially affect the performance of the tag. The tag's 10 
checksum is compared with the transmitted checksum and if 
they match then the message is valid and the tag declares 
Message Complete. A valid message will typically contain 
the radar pulse width, radar PRI, and transmitted checksum, 
and may include other information for the tag 10 or about the 
radar depending on the System operation. 

0045. A valid message will enable data transmission from 
the tag 10. The tag 10 must align its transmission so that its 
pulse is on top of, or Synchronous with, the radar pulse. The 
tag 10 does this by loading the initial radar pulse width and 
radar PRI (pulse repetition interval) in a counter of the DSP 
4, but not starting the counter. These values in the counter 
are the pulse width and PRI from the valid message that 
were obtained after the tag declares Message Complete. At 
the Starting edge of the initial radar pulse, a digital control 
Signal, download intn, is generated, which is a request by 
the FPGA 44 to the microprocessor 42 for modulation data. 
This data is used in the validating of any decoded valid AM 
and FM demodulated output to the DSP 4. From the data 
decoded from the initial SAR pulse, the tag 10 estimates 
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when the next pulse will be received. The exact timing for 
the la symbol during the initial pulse is not critical, however 
the ld symbol must occur before the first transmit pulse. The 
download intn is a request from the FPGA 44 to the 
microprocessor 42 for new modulation data. This data is 
used in the next pulse one PRI later. Ld symbol latches the 
modulation data into the FPGA 44 before rf detect occurs. 
The tag 10 waits for the leading edge of the initial radar 
pulse and when it detects the leading edge it transmits after 
the initial PRI. During the following pulses the tag loads the 
counter with the actual radar PRI and so transmits this PRI 
repeatedly. The PRI timer gets resynchronized to each 
incoming RF to take into account inaccuracies in the FPGA 
clock. After the initial PRI, an uplink gate Signal is generated 
to control the waveform XMT, which is the envelope of the 
RF transmission from the tag. In this way the tag 10 becomes 
synchronized with future pulses from the radar. The error 
between the tag pulse and radar pulse is typically leSS 
than+100 ns. The process of synchronizing the tag with the 
radar is illustrated in FIG. 8. The following is a description 
of the Signals named in the figure: 
0046) “rf” is the envelope of the received RF signal in the 
LFM pulse waveform; 
0047 “latency” is the time delay from the received RF to 
the digital output of the threshold detector 28, labeled as 
“AM After Threshold Detector', and occurs due to circuit 
delay in the AM receiver 2; 

0048 “init pri” is the initial PRI transmission from the 
tag 10; 
0049) “gate” is the width of the received LFM pulse 
waveform; 

0050 “pri” is the PRI of the received LEM pulse wave 
form, and the PRI of all tag transmissions except for the 
initial PRI; 

0051) “rf detect” is the same as the output of the thresh 
old detector 28, labeled as “AM After Threshold Detector”; 
0.052 “uplink gate” is the pulse width of the tag trans 
mission; 

0053 “download intn” is a digital word signal sent by 
the FPGA 44 to the microprocessor 42 and is a request to the 
microprocessor 42 for modulation data; 
0054) “ld symbol” initializes the FPGA 44 with new 
modulation information from the microprocessor 42, 
0055 “xmt” is the envelope of the RF transmission from 
the tag 10; 
0056 “chopping signal” refers to a toggling state of the 
controlling signals S1 and S2 that control RF Switch S113 
and RF Switch S220 respectively. 
0057 The LFM pulse waveform signal flow during trans 
mit is shown in FIG. 9. The dashed line was previously 
described in the received signal flow and is also part of the 
transmission. The LFM input pulse waveform uses the same 
components as the AM2 and FM 3 receivers up to the input 
of the second directional coupler 15. The LFM pulse wave 
form Signal passes through the main line of Second direc 
tional coupler 15, followed by the delay line 16. It then 
passes through the main line of third directional coupler 17. 
The LFM pulse waveform signal that was stored in delay 
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line 16, after passing through the directional coupler 17 is 
electrically coupled to the variable attenuator 18, phase 
modulator 19, RF switch S220 (closed in transmit), power 
amplifier 21, back through the main line of the first direc 
tional coupler 12 and through bandpass filter 11 and trans 
mitted from the antenna 1. 

0058 To allow the tag to share the same antenna 1 for 
both receive and transmit, the chopping Signals S1 and S2 
use the Same frequency and the length of delay for the delay 
line 16 is based on the frequency used in the timing of 
chopping signals S1 and S2. The timing of S1 and S2 is 
shown in FIG. 10 for a 60 ns delay line 16. In this figure the 
receive time is 60 ns, transmit time is 60 ns, and the blanking 
time (when the tag is neither transmitting nor receiving) is 
60 ns. The transition time from on to off and vice versa due 
to the RF Switches S113 and S220 is 10 ns. A complete cycle 
in the example in FIG. 10 is 180 ns. The blanking interval 
in FIG. 10 prevents oscillations due to reflections from 
nearby objects. 
0059 Some systems require randomizing the blanking 
time to prevent the radar from accidentally locking onto the 
Spectral lines that are generated during the chopping of the 
RF signal. The randomizing circuit for chop timing is shown 
in FIG. 11a. The blanking time changes pseudo-randomly 
each cycle from 60 ns to 200 ns with a resolution of 20 ns. 
The design is a 7.1 maximal length generator and the initial 
seed is binary 1111111. The sequence repeats every 127 
chop cycles. The circuits for the chop timing and chop 
randomization are contained in the FPGA 44. Other ran 
domizing circuit designs could also be utilized. 
0060. The pulse is modulated with tag data using the 
signal phase modulator 19 as shown in FIG. 2, by the signal 
labeled “PM". The phase modulator 19 is a 5-bit phase 
shifter and is capable of placing frequency modulation and 
phase modulation on the RF signal. A typical modulation 
consists of a linear frequency slope and a bi-phase value. 
During the process of modulation, the binary data in the 
message is encoded. An example of an encoding Scheme is 
shown in FIG.11b Three bits of data from the tag are placed 
on each pulse using different States of frequency deviation 
and phase. However, the tag is capable of generating other 
modulation values, and the design is capable of a broad 
range of frequency and phase modulation. 
0061 The RF output from the tag 10 for the example in 
FIG. 11b is shown in FIG. 12. It shows that the tag adds 
chop modulation, phase modulation, and linear frequency 
modulation (LFM) to the radar pulse. The transmit time of 
the tag is Synchronous with the radar pulse. The plus Symbol 
in the LFM+ indicates that the tag has modified the LFM 
Slope of the original radar LFM signal. 
0062). The tag adjusts the gain in the transmit path using 
the AM signal at the variable RF attenuator 18 in FIG. 2, the 
Signal being generated from the microprocessor 42 in FIG. 
3. The AM signal controls a 5-bit digitally tunable RF 
attenuator. However, the Signal may also be an analog 
Voltage in another implementation and the type of RF 
attenuator does not materially affect the tag 10. The micro 
processor 42 sets the amplitude value of the AM. The gain 
is typically set to 63dB (peak) as measured from the antenna 
RF input to the antenna RF output. 
0063 FIG. 13a is a partial block diagram of the FM 
receiver 3 in FIG. 2. These components can not distinguish 
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between increasing and decreasing LFM signals, because 
they respond equally to positive and negative slopes from 
the FM signal. The preferred embodiment uses a mixer 30, 
followed by a low pass filter 31, a zero-crossing detector 32 
and a sampler 33. The output of the sampler 33 is labeled 
LFM After Sampling. This output is then processed by the 
microprocessor 42 in the DSP 4. 
0064. This restriction is overcome by quadrature detec 
tion and processing of the I and Q Signals as shown in FIG. 
13.b of FIG. 13. FIG. 13b shows the block diagram of the 
revised design for calculating the slope. The amplifiers 29 
and 34 are unchanged from the preferred embodiment. A90 
power splitter 100 is now placed between the output of 
amplifier 34 and mixer 30. The 90° power splitter 100 
produces two outputs, one is in-phase with the input signal 
and the other output is out of phase by 90 and is in 
quadrature-phase with the input. Each output is processed by 
a separate but identical Set of components. The outputs of the 
two sets of components are labeled “FM In-Phase” (I) and 
“FM Quadrature-Phase” (Q). The output from the revised 
FM receiver 3 labeled “FM in-phase' uses the component 
set: mixer 30I, lowpass filter 31I, Zero-crossing detector 32I 
and sampler 33I. The output from the revised FM receiver 3 
labeled “FM Quadrature-Phase' uses the component set: 
mixer 30O, lowpass filter 31Q, Zero-crossing detector 32O 
and sampler 33O. 
0065. These two output signals are further processed by 
the microprocessor 42 in the DSP4, to find the polarity of the 
Slope. The analog outputs of I and Q prior to digitizing are 
shown in FIG. 14a, using the same input example as 
previously discussed. 
0.066 The processing steps for the slope polarity are 
shown in FIG. 14b. SLOPEn is the output and is initialized 
to Zero. The result is +1 when the Slope is positive and -1 
when the slope is negative. The data processing is accom 
plished by the microprocessor 42 inside the DSP 4. The 
output of the slope polarity is shown in FIG. 15 for the 
positive slope of the example. The top trace is the detection 
output of the AM receiver 2 threshold comparator 28 and is 
shown for reference only, and the bottom trace is the Slope 
polarity scaled by %. FIG. 16 is the output for a negative 
Slope. 
0067. The algorithm in FIG. 14b provides multiple out 
puts, Separated in time but having identical value, and any 
one of the multiple values is Suitable for defining polarity. 
Typically the microprocessor 42 will select the first value. 
The number of multiple values is a function of the input FM 
deviation and pulse width. 
0068 The above teachings are illustrations of preferred 
embodiment of the present invention. It should be noted that 
modifications to the invention, Such as would occur to those 
of ordinary skill in the art, are also within the intended Scope 
of the present invention. 

What is claimed is: 
1. A tag apparatus, capable of detecting decoding and 

validating a radar message contained in an AM and FM 
Signal component of a received LFM (linear frequency 
modulation) pulse waveform from a radar Source, and 
encoding and retransmitting, back to the radar Source, a tag 
message contained in a PM and FM signal component of a 
modified LFM pulse waveform, the apparatus comprising: 
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a) an antenna input circuit for receiving the LFM pulse 
waveform having digital information; 

b) an AM/FM signal component validation circuit, in 
electrical communication with Said antenna, for detect 
ing, decoding and validating Said AM and FM compo 
nents in the LFM waveform, and comparing the com 
ponents to a predetermined criteria, in electrical 
communication with Said antenna; 

c) a delay element in electrical communication with the 
antenna for storing the received LFM pulse waveform; 

d) a chopped repeater circuit, in electrical connection with 
the delay element for encoding the stored LFM pulse 
waveform in the delay element with a preprogrammed 
AM and a FM predetermined criteria to form a modi 
fied LFM pulse waveform; 

e) timing Synchronization circuitry for Synchronizing the 
chopped repeater circuit of the modified LFM pulse 
waveform with reception of the received LFM pulse; 
and 

f) an antenna output circuit, in electrical communication 
with the chopped repeater circuit, retransmitting of the 
modified LFM pulse back to the radar source. 

2. The apparatus as recited in claim 1, in which the AM 
Signal component validation circuit further comprises a 
threshold comparator circuit to produce an AM After 
Threshold Detect signal when the amplitude deviations of a 
demodulated AM component envelope of the LFM pulse 
waveform, exceed a DAC(Digital-to-Analog Converter) 
threshold Voltage, Said DAC threshold Voltage being pro 
duced from a preprogrammed DAC threshold Voltage Stored 
digitally in a DSP in the tag. 

3. The apparatus as recited in claim 2, in which Said AM 
Signal validation circuit further comprises a time duration 
circuit, Said time duration circuit validating the amplitude 
deviation time duration of the AM After Threshold Detect 
signal by comparing the AM After Threshold Detect time 
duration against a preprogrammed time duration criteria 
table contained within the DSP in the tag. 

4. The apparatus as recited in claim 3, wherein said FM 
Signal component validation circuit further comprises a FM 
demodulation circuit, Said demodulation circuit including a 
mixer and a local oscillator, Said local oscillator frequency 
being in electrical communication with the mixer and opera 
tive to generate a local oscillator frequency Signal by passing 
the LFM pulse waveform through a fixed constant time 
delay element. 

5. The apparatus as recited in claim 4, in which said FM 
Signal validation circuit further comprises a frequency esti 
mator circuit, Said frequency estimator circuit being enabled 
when the AM After Threshold signal time duration has been 
validated by information in the preprogrammed time dura 
tion criteria table. 

6. The apparatus as recited in claim 5, in which said FM 
Signal validation circuit further comprises a frequency esti 
mator circuit, Said frequency estimator circuit including a 
Zero-crossing circuit, Said Zero-crossing circuit being opera 
tive to convert the FM signal component into a one bit value, 
Said one bit value being Sampled by a clock and applied to 
the DSP, the DSP calculating an average frequency during 
the AM After Threshold time duration of the AM signal 
component of the LFM pulse waveform. 
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7. The apparatus as recited in claim 6, wherein said FM 
validation circuit further comprises a preprogrammed digital 
codes table for decoding a message contained in the received 
LFM pulse waveform. 

8. The apparatus as recited in claim 7, wherein Said 
AM/FM signal component validation circuit further com 
prises a Slope polarity detector for determining the polarity 
of the slope, and comparing the Slope to a Slope criteria 
preprogrammed table for validation. 

9. The apparatus as recited in claim 8, wherein Said Slope 
polarity detector includes a 90 power splitter in electrical 
communication with the delay element and its outputs, one 
at 0 and the other at 90 relative to the first output, in 
electrical communication with at least one frequency esti 
mator circuit, the frequency estimator circuit outputs are 
inputs into the DSP(Digital Signal Processor), the DSP using 
a Software program in determining the polarity of the Slope, 
and comparing the slope to a slope criteria preprogrammed 
table for validation. 

10. The apparatus as recited in claim 9, wherein the 
chopped repeater circuit further comprises a RF attenuator 
for the amplitude of the modified LEFM waveform and a 
phase modulator for modifying the amplitude, phase modu 
lation and frequency modulation of the stored LFM wave 
form and thereby generating the modified LFM waveform. 

11. The apparatus as recited in claim 10, wherein the 
phase modulator further comprises a phase shifter that is 
controllable up to a 5-bit resolution, that is in electrical 
communication with the delay element for receiving the 
stored LFM waveform and generating the modified LFM 
waveform. 

12. The apparatus as recited in claim 11, wherein the 
phase shifter further comprises an attenuator that is control 
lable up to a 5-bit resolution. 

13. The apparatus as recited in claim 1, wherein Said 
timing Synchronization circuitry is connected to the DSP, 
and is operative to generate a chopping Signal that is 
preprogrammed. 

14. The apparatus as recited in claim 13 wherein the 
timing synchronization circuit is controlled by the DSP for 
generating a random or pseudo-random modified LFM 
waveform transmission from a predetermined criteria table. 

15. The apparatus as recited in claim 14, wherein the 
chopping Signal comprises a blanking Signal portion, Said 
blanking Signal portion is generated when the tag apparatus 
is neither receiving nor transmitting. 

16. The apparatus as recited in claim 1, further comprising 
a plurality of RF switches, said plurality of RF switches 
being operative to receive the LFM pulse waveform and the 
modified LFM waveform and to selectively direct only one 
of the received LFM pulse waveform and the retransmitted 
modified LFM pulse waveform to the antenna. 

17. The apparatus as recited in claim 16, in which the 
chopped repeater circuit is operative to Synchronize the 
transmission of the modified LFM waveform to a front edge 
of a received pulse of the LFM pulse waveform from the 
radar Source. 

18. The apparatus as recited in claim 17, wherein the 
delay element is Selected from a group comprising a coaX 
cable, SAW, BAW, optical fiber, tuned filters and DRFM 
digital circuits. 
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19. The apparatus as recited in claim 18, wherein RF 
Switches are operative to Select between the input and output 
circuits of the antenna, thereby permitting the use of a Single 
antenna. 

20. A method of decoding and encoding digital informa 
tion contained within amplitude and frequency modulated 
components of a received LFM pulse waveforms from a 
radar Source, the method comprising the Steps of: 

a) receiving the LFM pulse waveform; 
b) detecting the amplitude deviation of the LFM pulse 

waveform using an AM receiver; 
c) detecting frequency deviations in the LFM pulse wave 

form using an FM receiver; 
d) determining if the received demodulated amplitude and 

frequency deviation components of the LFM pulse 
waveform Satisfies a predetermined criteria; 

e) comparing preprogrammed time duration criteria data 
to the deviation components of the LFM pulse wave 
form; 

f) decoding the digital information in the received LFM 
waveforms having components that Satisfy the time 
duration criteria; 

g) communication of the decoded information to a tag, 
h) generating tag transmit data in response to the decoded 

information; 
i) storing the received RF signal for possible retransmis 

Sion; 
j)encoding tag transmit data in the Stored RF signal using 
PM and FM, the deviation components being stored 
data in a preprogrammed criteria table; 

k) chopping the RF signal during transmission; and 
l) transmitting the modified LFM pulse waveform in sync 

with the reception of an LFM pulse waveform with the 
encoded tag data. 

21. The method of claim 20, further comprising the step 
of detecting the phase slope of the frequency deviations in 
the LFM pulse waveform. 

22. The method of claim 21, further comprising the Step 
of randomizing the length of the time duration of the 
chopped RF signal during tag transmission. 

23. The method of claim 21, further comprising the step 
of pseudo-randomizing the time duration of the chopped RF 
Signal during tag transmission. 

24. The method of claim 22, further comprising the step 
of adding a blanking Signal time within the time duration of 
the chopped RF signal. 

25. The method of claim 24, further comprising the step 
of synchronizing the transmission of the modified LFM 
pulse waveform with the leading edge of a front edge of a 
received pulse of the LFM pulse waveform from the radar 
SOCC. 

26. The method of claim 25, further comprising the step 
of Selectively enabling a single antenna to either receive the 
LFM pulse waveform and transmit the modified LFM pulse 
waveform. 


