
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2001/0024170 A1 

US 2001.002417OA1 

Huff et al. (43) Pub. Date: Sep. 27, 2001 

(54) RANDOM NOISE RADAR TARGET (52) U.S. Cl. ............... 342/16; 342/17; 342/68; 342/162; 
DETECTION DEVICE 342/189 

(76) Inventors: Jimmie D. Huff, Claremont, CA (US); 
Alexander Niechayev, Riverside, CA (57) ABSTRACT 
(US) 

Correspondence Address: A radar System (10) which transmits a random noise signal. 
HARNESS, DICKEY & PIERCE, PLC The transmitted Signal is embodied as an electromagnetic 
P.O. BOX828 Signal and is directed at an object or target. The object or 
BLOOMFIELD HILLS, MI 48303 (US) target reflects at least a portion of the electromagnetic Signal 

(21) Appl. No.: 09/874,527 which is returned to the radar system. An Image of the 
electromagnetic random noise Signal is Stored in memory 

(22) Filed: Jun. 5, 2001 (16) and compared with the returned modulated Signal. 
Based on the correlation value, a determination is made 

Related U.S. Application Data regarding the object or target. In a particular implementa 
tion, the radar System is used in a target detection device 

(63) Continuation of application No. 09/326,829, filed on (TDD) (10) in order to determine the distance from the target 
Jun. 7, 1999, now Pat. No. 6,271,786. or object to the device and the relative velocity of the target 

or object and the device. When the target or object reaches 
Publication Classification a predetermined distance and also Satisfies any other System 

requirements, the TDD (10) initiates a detonation signal 
(51) Int. Cl." .............................. G01S 7/41; G01S 13/42 which causes detonation of the missile or warhead. 

14 OBJECT - 

CONVERTER 

AMPLIFER 

I&Q SAMPLES 

NOISE MODULATION 
SOURCE 

21 28 "DELAY REMENIS DATA FILTERING 
N S RANCE GATES DOPPLER PROCESSING 
LIMITER y CROSS CORRELATORS ESERO 

DON - B CORRELATION COUNTERS ATTENUATORF COWERTER sier Fel CONTROLS DATA ACQUESTION CONTROL 

RECEIVER CONTROL/ANTENNA SELECT 

DCITA, SIGNAL PROCESSOR: RANDO NOISE 
CORRELATOR: 

DECIMATION SAPLING 

DETECTION ALGORORTHMS 
ANTENNA SELECT LOGIC 
BURST POINT EQUATIONS 

WARHEAD CONTROL 
arm-r- 

  

  

  

  

  

  

  

  

  

    

    

    

  





Patent Application Publication Sep. 27, 2001 Sheet 2 of 2 US 2001/0024170 A1 

48 40 

- - - - 42 
TRANSMIT WAWEFORM I R 

TARGET RETURN -H-I------- 
SAMPLING INTERWAL 

- - - - COHERENT SAMPLES 8 1 2 NY-44 
CORRELATION 48 
INTERWAL 

Fig-2 

48 

33 nSec (t (9P) insec (typ) 
TRANSMIT WAVEFORM 

TARGET RETURN H.W. 
125 MHZ SAMPLE RATE 

RNG GATE 1 SAMPLES II - O 
RNG GATE 2 SAMPLES OOL/1NN-52 

g C 
O O 

RNG GATE N SAMPLES ult u?" 

  

  



US 2001/0024170 A1 

RANDOM NOISE RADAR TARGET DETECTION 
DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 09/326,829, filed on Jun. 7, 1989, the 
disclosure of which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002. In a typical radar system, a radar antenna radiates 
a signal in the direction of an object which is the Subject of 
the radar inquiry. A portion of this energy is reflected from 
the object back toward the radar System which receives and 
processes this reflected energy to extract information regard 
ing the object. For example, in relatively simple Systems, the 
relative Velocity between the object and the radar System can 
be determined in accordance with the Doppler shift between 
emission and return of the Signal. In more complex radar 
Systems, signal processing techniques performed on the 
reflected Signal may yield data regarding the size, shape, 
range, and direction of the object. 
0003. In some radar applications, the object may carry 
radar jamming Systems which detect the emitted Signal, 
modify it in one or more ways known to those skilled in the 
art, and retransmit the modified Signal So as to deceive the 
radar System. A radar Signal that is deterministic and peri 
odically repeats, is more Vulnerable to deceptive jamming 
than one that never repeats in time. 
0004 For example, a Target Detection Device (TDD), 
Sometimes referred to as a fuze, is commonly found in a 
guided missile. Many TDD determine the distance between 
the missile and the target, and when the missile reaches a 
predetermined distance to the target, the TDD detonates the 
missile warhead to achieve maximum impact on the target. 
In Such applications, the targets may be equipped with radar 
jamming Systems. Such as digital radio frequency memory 
systems (DRFMs) which store the incoming radar signal in 
memory and determine the repeat interval of the Signal. The 
DRFM then emits a Signal replicating the return signal 
expected by the radar system back to the TDD. The signal 
emitted by the DRFM is delayed to apparently arrive before 
the reflected Signal would normally arrive for the given 
distance between the radar system and the DRFM. This 
Signal deceives the radar System into determining that the 
object is closer than it actually is. 
0005 Existing TDDs use repetitive waveforms to enable 
range determination. One example of waveform modulation 
is a pseudo-random noise Sequence. In the pseudo-random 
noise Sequence, the radar System emits binary Sequences 
characteristic of a noise waveform, but which is repeated 
after a predetermined time interval. Another modulation 
format is frequency modulation continuous wave (FMCW), 
also referred to as Swept-frequency or chirp waveforms. Yet 
another modulation format is medium pulse repetition rate. 
In a medium pulse repetition rate radar, the transmit wave 
form modulation is a train of pulses, and the range to an 
object is determined by the delay between transmission and 
reception of the pulse. 

0006 The above-described waveforms are deterministic. 
The deterministic characteristic enables intelligent targets 
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that carry repeater jammers to Store the TDD Signal, delay it 
beyond the period where the Signal repeats itself, and 
retransmit the delayed signal back toward the TDD delayed 
So that the target appears closer to the TDD than it actually 
is. The TDD in such instances typically detonates the missile 
warhead at a range beyond the lethal radius of the weapon. 
0007 One particular radar system employs TDDs having 
multiple radio frequency phases. For example, in one mul 
tiple radio-frequency phase missile application, a 255-bit or 
511-bit, maximal-length Sequence, pseudo-random wave 
form modulation is used to detect the range from the missile 
to the target. This pseudo-random code bi-phase modulates 
the radio frequency (RF) carrier. The modulation of the 
Signal returned from the target is correlated with delayed 
images of the originally emitted code. A correlation occurs 
when the delay is equivalent to twice the target range. 
Samples of the correlated output are then processed by 
Standard Signal processing techniques So that the target is 
detected. 

0008 For example, assume an approximate signal propa 
gation Velocity of one foot per nanoSecond and a Straight line 
two-way travel path. If the time delay of a single bit of the 
code modulation is ten nanoseconds (ns) then a delay of one 
bit in the returned signal would indicate a distance to the 
target of five feet. Similarly, five bits or 50 nanoseconds of 
delay indicates a range of 25 feet, and a 255-bit delay 
indicates a range of 1275 feet. This range for a 255-bit, 1275 
feet, is called the unambiguous range. Delays beyond 255 
bits fall into an ambiguous range. For example, a delay of 
256-bits indicates a range of 5 feet because the periodic 
nature of the 255-bit code. Thus, if a radar jammer can store 
the repetitive waveform, amplify it, and transmit the wave 
form back with the proper delay, the target carrying the 
jammer can be made to look closer in range than it actually 
S. 

0009 Thus, it is an object of the present invention to 
provide a radar System which emits a random electromag 
netic Signal at a target in order to provide information 
regarding the target. 

0010. It is a further object of the present invention to 
provide a radar System which receives a random, electro 
magnetic Signal returned from an object illuminated with a 
random, electromagnetic Signal emitted by the radar System, 
and provides information about the object. 

0011. It is yet a further object of the present invention to 
provide a radar System which emits an electromagnetic 
Signal modulated by random noise in the direction of a target 
and receives a reflected electromagnetic Signal returned 
from the object and determine the distance to the object. 

0012. It is yet a further object of the present invention to 
provide a Target Detection Device (TDD), sometimes called 
a fuze, which uses an electromagnetic Signal modulated by 
random noise directed at an object and receives a reflected 
electromagnetic Signal returned from the object in order to 
determines the distance to the object. 

0013. It is yet a further object of the present invention to 
provide a Target Detector Device which uses an electromag 
netic Signal including or modulated by random noise 
directed at an object and receives a reflected electromagnetic 
Signal returned from the object in order to determine the 
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distance to the object and further determine the velocity of 
the object relative to the radar. 
0.014. It is yet a further object of the present invention to 
provide a Target Detection Device which uses an electro 
magnetic Signal consisting of or modulated by random noise 
directed at an object and receives a reflected electromagnetic 
Signal returned from the object in order to provide a distance 
to the object, the velocity of the object relative to the radar 
and further generate control commands in accordance with 
the distance and Velocity of the object. 

SUMMARY OF THE INVENTION 

0.015. In accordance with the teachings of the present 
invention, this invention is directed to a Target Detection 
Device (TDD), sometimes called a fuze, for determining the 
distance to an object. The Target Detection Device includes 
a Source of random noise for modulating an electromagnetic 
Signal that is emitted in the direction of the object, where the 
object reflects back at least a portion of the electromagnetic 
Signal. A receiver detects the random, electromagnetic Signal 
returned from the object. A correlation processor then croSS 
correlates the modulation on the emitted electromagnetic 
Signal with the modulation on the returned electromagnetic 
Signal. A signal processor receives the outputs from the 
correlation processor and determines the distance to the 
object and its velocity relative to the TDD. 
0016. Additional objects, features and advantages of the 
present invention will become apparent from the following 
description and the appended claims, taken in connection 
with the accompanying drawings. 
0.017. Further areas of applicability of the present inven 
tion will become apparent from the detailed description 
provided hereinafter. It should be understood that the 
detailed description and Specific examples, while indicating 
the preferred embodiment of the invention, are intended for 
purposes of illustration only and are not intended to limited 
the Scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.018. The present invention will become more fully 
understood from the detailed description and the accompa 
nying drawings, wherein: 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.019 FIG. 1 is a block diagram of the radar system 
arranged in accordance with the principles of the present 
invention; 
0020 FIG. 2 is a diagram of the input and output 
waveforms for the system of FIG. 1; and 
0021 FIG. 3 is a diagram of the waveforms for one 
sample period of the waveforms of FIG. 2. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0022. The following description of the preferred embodi 
ment(s) is merely exemplary in nature and is in no way 
intended to limit the invention, its application, or uses. 
0023 FIG. 1 is a block diagram of an exemplary Target 
Detection Device (TDD), also referred to as a fuze, arranged 
in accordance with the principles of the present invention. 
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The TDD 10 includes a random noise modulation Source 12 
which generates a purely random noise signal with a band 
width that is determined by the System range resolution 
requirements. For example, a bandwidth of 125 MHz will 
enable System range gates having a width of approximately 
four feet along the line of sight from the TDD 10 to the 
object to be interrogated by the TDD 10. The noise gener 
ated by noise modulation Source 12 is centered at the System 
transmit frequency and can be generated by Several methods 
known to those skilled in the art. Noise modulation Source 
12 also includes a Switch that can be used to Switch the 
noise-modulated Signal on and offin pulsed-noise operation. 
The random noise signal is passed to the transmit/receive 
System 14, commonly referred to as a radio frequency (RF) 
Seeker head System, where it is amplified and transmitted via 
one or more transmit antennas 19. A portion of the transmit 
Signal is coupled by way of a coupler 17 to a down converter 
13. Down converter 13 is driven by a local oscillator 15, 
which is centered at the transmit frequency. Inphase and 
Quadrature (I & Q) components of the down-converted 
random transmit Signal are amplified to the required level in 
Video amplifier 23 and then output to 1-bit samplers (com 
parators) 24. The Sampled outputs of the samplers 24 are 
passed to random noise correlator 16. I & Q processing 
provides both magnitude and Sense (incoming or outgoing) 
of the velocities of objects in the radar field of view. The use 
of I & Q processing is well understood by those skilled in the 
art of digital Signal processing. 
0024. Transmit/receive system 14 also includes one or 
more receiving antennas 20 to detect the return signal 
reflected from the pre-selected object 8. Random noise 
transmit/receive System 14 includes a homodyne receiver 
that consists of a limiter-attenuator-amplifier network 21 for 
this exemplary TDD. The output of limiter-attenuator-am 
plifier network 21 is passed to a down converter 22 that is 
also driven by the local oscillator 15. I & Q components of 
the down-converted received signal are amplified to the 
required level in video amplifier 25 and then output to 1-bit 
Samplers 26. The Sampled outputs of the Samplers 26 are 
passed to a random noise correlator 16. AS will be under 
stood by one skilled in the art, Sampling devices that 
quantize the random modulation by more than one bit could 
also be used to provide enhanced performance. 
0025. In the embodiment of FIG. 1, one-bit samplers 24, 
26 comprise Single-bit A/D converters. The respective gain 
values of the video amplifiers 23, 25 in front of single-bit 
Samplers 24, 26 are Set Such that the inputs to the Samplers 
24.26 are hard limited on System noise. Although it may be 
thought that Single-bit Sampling would result in a Serious 
reduction in System Sensitivity, it can be shown that the 
overall loss of sensitivity of the random noise TDD system 
is less than 3 dB due to hard-limiting and due to use of a 
fixed detection threshold in detection algorithms employed 
in the digital signal processor 32 rather than a conventional 
variable-threshold, constant false alarm rate detector with its 
inherent loSS as is normally required in a detection System. 
0026. In random noise correlator 16, samples of the 
transmitted random noise modulation Signal are passed 
through a series of one-bit delay elements. The number of 
delay elements is predetermined in accordance with the 
number of range gates, to be described herein, required for 
a particular application. For example, a specific application 
may employ 15 range gates per channel, which would 
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require 14 delay elements. The delayed images of the 
transmitted random noise modulation Signal are croSS cor 
related with the modulation Samples from the Signal return 
Signal. Thus, the detection process performed in random 
noise correlator 16 is coherent upon reception even though 
the transmit Signal is random. The range gate output of the 
random noise correlator 16 for each unit of delay (range 
gate) of interest is passed to the digital signal processor 32 
where it is processed using well-known signal processing 
techniques to find the range and closing Velocity (Doppler 
frequency) of objects in the field of view. Digital signal 
processor 32 also performs additional operations on the 
croSS correlated range-gate data out of the random noise 
correlator 16 Such as decimation Sampling and filtering on 
the input data, detection thresholding, RF Seeker control, 
data acquisition control, antenna Select control, noise modu 
lation Source waveforem generation, and burst point or 
destination point calculations. Digital Signal processor 32 
outputs a control command to the detonation device of the 
missile. Digital signal processor 32 also outputs control 
commands to transmit/receive System 14. A master clock 31 
Synchronizes operation of the random noise correlator 16 
and the digital Signal processor 32. 
0.027 Of particular interest in this invention is the use of 
random noise Source 12 to generate a random noise Signal 
that is centered at the System operating frequency. This 
Signal is then emitted by transmit/receive System 14. The 
random noise defeats Systems which Search for repetition in 
the emitted Signal, attempt to copy the emitted Signal, and 
transmit it back to the antenna system 14 with a delay which 
causes the object to appear closer than it actually is. FIG. 2 
graphically illustrates the transmission, return, and proceSS 
ing of waveforms to implement the present invention. 
0028 Referring to FIG. 2, a purely random noise signal 
is generated and, as described in FIG. 1, is passed to 
transmit/receive System 14 and also Sampled and input to 
random noise correlator 16, which Saves a replica of the 
transmit random noise Signal. The randomly generated noise 
signal 40 is output by the transmit/receive system 14. As 
shown in FIG. 2, transmit waveform 40 is pulsed because of 
the relatively close proximity of the transmit and receive 
antennas in Some radar applications and most TDD appli 
cations. The pulsed transmit waveform Significantly reduces 
coupling of the transmit Signal back into the receive antenna 
and accompanying RF receiver. This coupling is typically 
referred to as leakage. The pulsed signal arrangement alle 
viates the need to address the difficult task of providing 
Sufficient isolation between the transmit and receive chan 
nels So that the return signal is of Sufficiently greater power 
than the leakage. This is particularly applicable where the 
apparent radar croSS-Section of the object 8 is relatively 
Small. Consequently, the input receiver of antenna System 14 
is gated off during the transmit time. AS is known in the art, 
the exact parameters for pulsing the transmit waveform 40, 
Such as duty cycle and repetition frequency, are adjusted to 
minimize detection desensitization due to clutter in a high 
clutter environment. 

0029. The transmit waveform 40 strikes an object or 
target 8 and is reflected back as the target return Signal or 
waveform 42. A sampling interval 44 defines the period for 
transmitting the transmit waveform 40 and varies in accor 
dance with the particular application. Further, a predeter 
mined number of Sampling intervals 44 define a correlation 
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interval 46, and a predetermined number of correlation 
intervals 46 define a coherent processing interval 48. The 
correlation interval 46 and the coherent processing interval 
48 are each Selected in accordance with the particular radar 
application, as will be understood by one skilled in the art. 

0030 FIG. 3 depicts an expanded view of block 48 of 
FIG. 2. FIG. 3 includes the transmit waveform 40, the target 
return waveform 42, and a number of range gate Sampling 
waveforms 50, 52, and 54. Range gate sampling waveforms 
50, 52, and 54 define waveforms for sampling the emitted 
and return signal for correlation by RNR ASIC 16. Each 
range gate Sampling waveform 50, 52, and 54 corresponds 
to the paired (I & Q) complex outputs of a unique cross 
correlation range gate channel in the random noise correla 
tor. 

0031. The target return signal 42 is typically sampled in 
I & Q at a rate for each approximately equal to the 
bandwidth of the transmitted noise, 125 megahertz (MHz), 
for example. The Samples for the earliest range gate wave 
form, range gate 1 Sampling waveform 50, for example, 
commences at the start of transmit waveform 40. Samples 
for the next range gate Sampling Waveform, range gate 2 
Sampling waveform 52, are delayed by one Sampling period 
which is the reciprocal of the Sampling frequency. Thus, the 
range gate width is effectively equal to the two-way travel 
time of the transmit pulse of one Sample. The range gate 
width is approximately four feet for the range gates of FIG. 
3 for this exemplary implementation. The total number of 
range gates vary in accordance with the operational range 
for a given radar system or TDD 10. 

0032) If the target return waveform 42 overlaps the 
transmit waveform 40, the receiver is typically gated off, and 
the return power as Seen by any range gates during this 
receiver-off interval will be eclipsed. In normal TDD appli 
cations, this does not occur because the target detection 
process is desensitized at close range to prevent mistaken 
identity of targets Smaller than the intended target. In radar 
environments where interference Such as clutter is mini 
mized or where the target return waveform power Suffi 
ciently exceeds the antenna leakage power, the duty cycle of 
the random noise may be increased to 100%. 
0033. The example depicted in FIGS. 2-3 employs 
Single-bit Sampling in order to enable high-Speed Sampling, 
thereby eliminating the need for high-Speed analog to digital 
conversions. This effectively causes a loSS in detection 
capability as would be provided by multiple-bit Signal 
quantization of less than three decibels if the receiver gain 
is Selected So that thermal noise Saturates the receiver. Thus, 
with the System Saturated by thermal noise, the noise/ 
interference floor during Signal processing is fixed. There 
fore, a fixed threshold can be used for detection, thereby 
eliminating the normal loSS associated with a constant false 
alarm rate detector. 

0034. In addition, with single-bit sampling, XOR gates 
can be used as the complex multiplier to cross-correlate the 
target return waveform Samples with the delayed image of 
the random noise waveform Samples. The range counters in 
the random noise correlator 16 count the number of corre 
lations over the correlation interval. At the end of a corre 
lation interval 46, the counter value for each range gate 50, 
52, and 54 passes to the digital signal processor 32 (of FIG. 
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1), and the range gate counters in the random noise corr 
elator 16 (of FIG. 1) are reset to initiate another correlation 
interval. 

0035. After N correlation intervals, defined as a coherent 
processing interval 48, the digital Signal processor 32 can 
coherently process the end values output by each range gate 
counter in the random noise correlator 16 using Standard 
range-Doppler Signal processing techniques well known in 
the art. The post processing occurring in digital Signal 
processor 32 occurs at a relatively low processing frequency 
relative to the computational through-put rate. A special 
GaAS ASIC chip that controls the noise correlator proceSS 
ing has been designed to operate at Sampling rates in exceSS 
of 1.5 GHZ. For lower-speed System requirements, many 
other technologies can accomplish the same task. 
0036). Using this process, any coherent or incoherent 
out-of-range Signal is distributed uniformly during Doppler 
processing occurring in digital Signal processor 32. Detec 
tion is thus limited to the product of the noise Sampling 
bandwidth (B) and the length (T) of the coherent processing 
interval 48 to define a time-bandwidth (TB) product of the 
processing. Further, in order to detect a signal, the magni 
tude S of the Signal at the output of the digital Signal 
processor must exceed the power of the noise/interference N 
minus the time-bandwidth (TB) plus the required detection 
threshold (Th). That is, in order for a signal to be detected, 

0038 S is the magnitude of the signal in dB; 
where 

0039 N is the power of the noise/interference in dB; 
0040 TB is the time-bandwidth product in dB; and 
0041. This a required detection threshold in dB. 

0042. This time-bandwidth detection requirement is well 
understood by one skilled in the art. 
0043. From the foregoing, it can be seen that this inven 
tion provides a radar detection System which uses random 
noise to modulate a carrier Signal emitted by the radar in the 
direction of a target. A particular advantage of this invention 
is that the random noise Signal does not repeat So that the 
target cannot copy the Signal and relay the Signal back to the 
radar System with an apparent delay less than the true delay. 
0044 Although the invention has been described with 
particular reference to certain preferred embodiments 
thereof, variations and modifications can be effected within 
the Spirit and Scope of the following claims. 
004.5 The description of the invention is merely exem 
plary in nature and, thus, variations that do not depart from 
the gist of the invention are intended to be within the Scope 
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of the invention. Such variations are not to be regarded as a 
departure from the Spirit and Scope of the invention. 
What is claimed is: 

1. A radar System for providing information on a Selected 
object, comprising: 

a Source of pure random noise for modulating the radio 
frequency carrier of a transmitter for transmitting a 
random, electromagnetic Signal in the direction of the 
object, the object reflecting back at least a portion of the 
electromagnetic Signal; 

an antenna for capturing the random electromagnetic 
Signal returned from the object, the returned signal also 
being a delayed replica of the transmitted Signal; 

a receiver for amplifying the random, electromagnetic 
Signal returned from the object; 

a correlation processor for croSScorrelating the modula 
tion on the transmitted electromagnetic Signal with the 
modulation on the returned electromagnetic Signal; and 

a signal processor for receiving output from the correla 
tion processor and determining information on the 
Selected object, the Signal processor generating control 
commands to operate a TDD. 

2. The radar system of claim 1 wherein the correlation 
processor is an application Specific integrated circuit 
(ASIC). 

3. The radar System of claim 1 wherein the Signal pro 
cessor determines the Doppler shift of the transmitted versus 
the received electromagnetic signal, the Doppler shift vary 
ing in accordance with the relative Velocity between the 
TDD and the object. 

4. The radar system of claim 1 wherein the antenna 
transmits the randomly modulated radio frequency carrier 
Signal. 

5. The radar system of claim 1 wherein the correlation 
processor is an application Specific integrated circuit 
(ASIC), further comprising: 

a plurality of delay elements to generate a Series of range 
gates for processing the returned electromagnetic Sig 
nal; 

a plurality of correlation elements for croSScorrelating the 
modulation on the transmitted and returned electro 
magnetic Signals to determine a match between the two 
signals to indicate the range between the TDD and the 
object; and 

a plurality of counters counting the matches between the 
modulation on transmitted and returned random elec 
tromagnetic Signals to define a measure of the croSS 
correlation. 


