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(57) ABSTRACT 

A readout system for receiving return signals originating 
from one or more energy pulses ?red toWard a scene. The 

system includes a ?rst mechanism for detecting energy 
received from the scene and providing a ?rst signal in 
response thereto. A second mechanism times a rising edge 
and a falling edge of a pulse contained in the ?rst signal and 
provides a second signal in response thereto. In a speci?c 
embodiment, a third mechanism determines characteristics 
of the pulse based on the second signal, Which include 
characteristics, such as pulse Width, pulse intensity, and/or 
pulse centroid, suf?cient to generate an image of the scene. 
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HIGH-SPEED READOUT CIRCUIT AND SYSTEM 
INCORPORATING SAME 

FIELD OF INVENTION 

[0001] This invention relates to signal processing. Spe 
ci?cally, the present invention relates to readout circuits and 
accompanying systems for reading data from detectors or 
arrays of detectors. 

DESCRIPTION OF THE RELATED ART 

[0002] Readout circuits are employed in various demand 
ing applications. Manned and unmanned aerial vehicles and 
missiles require high-accuracy and high-resolution laser 
radar to accomplish advanced target recognition (ATR), 
target under trees (TUT), obstacle avoidance, and vehicle 
guidance. Such systems require compact, cost-effective, 
high-bandWidth, and e?icient readout circuits for handling 
data output from arrays of energy detectors. 

[0003] E?icient high-bandWidth readout circuits are par 
ticularly important in three-dimensional (3-D) ?ash ladar 
applications, Where loW bandWidth severely compromises 
ladar system imaging capabilities both in accuracy and range 
resolution. Conventionally, 3-D ?ash ladar systems often 
employ a pulsed laser system to ?re illuminating laser pulses 
at a scene, thereby ?ashing the scene. An accompanying 
array of photodetectors, often called a Focal Plane Array 
(FPA), receives laser energy re?ected from the scene. Each 
photodetector corresponds to a pixel in an image generated 
from re?ected laser energy. 

[0004] The EPA converts received optical energy into an 
array of corresponding electrical signals, Which are input to 
a Readout Integrated Circuit (ROIC). The time betWeen 
laser pulse transmission and reception of the ?rst return 
(re?ected pulse) by each individual photodetector is mea 
sured by the accompanying ROIC circuit. The ROIC circuit 
may also measure or approximate return pulse-intensity 
information, Which is contained in the electrical signals 
output from each detector. The intensity information output 
from each photodetector enables accompanying imaging 
systems to generate tWo-dimensional images of the scene. 
Three-dimensional images are obtained by incorporating 
timing information, pertaining to the delay betWeen pulse 
transmission and reception, Which provides range or dis 
tance information associated With each return. 

[0005] An ROIC may employ one of several methods to 
measure Time of Arrival (TOA), also called range. One 
method employs a leading edge threshold comparator to 
register the receipt of the leading edge of a return pulse. The 
range accuracy of this method depends on received pulse 
Width and amplitude. NarroWer pulses yield higher accuracy. 
Another method involves digitiZing the received signal over 
a short interval and often requires that the signal peak not be 
compressed, skeWed, or clipped. This approach is often 
impractical for Wide-bandWidth circuits, Which often have 
limited dynamic range due to raised noise ?oor and loW 
poWer-supply voltage. Another method employs a constant 
fraction discriminator circuit. Unfortunately, this method 
also provides limited dynamic range. 

[0006] The ROIC compares electrical signals output from 
each photodetector pixel to a predetermined threshold. If the 
threshold is exceeded, then the received signal is considered 
a laser return signal. OtherWise, received signals are disre 
garded as noise. 
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[0007] Conventional ROIC’s often employ sample-and 
hold techniques to readout data from a FPA. Such ROIC’s 
employ sample-and-hold circuits to sample return pulses and 
then often store resulting samples via analog capacitors. 
These sample-and-hold circuits are typically undesirably 
large and have loW bandWidth, Which limits sampling rate. 
Image range depth is compromised accordingly. Analog 
sample-and-hold readout circuit components often limit data 
transfer frame rates to betWeen 30-60 HZ, Which is unde 
sirably sloW. 

[0008] Demand for improved sensor technology, particu 
larly improved high-accuracy and high-resolution 3-D ?ash 
ladar technology, is increasing With the proliferation of 
miniature unmanned vehicles. These vehicles require pre 
cise, lightWeight, miniature sensors to effectively takeoff, 
land, and avoid obstacles, and navigate. 

[0009] Such applications typically demand ladar systems 
to have high range depth accuracy (Z accuracy less than 4 
inches) and high resolution (separation of tWo objects in Z 
less than 4 inches apart). Requirements for these numbers 
leads to a greater than 2 GHZ receiver bandWidth With a 
greater than 4 GHZ sampling clock rate in accordance With 
the Nyquist theorem. Such high sampling rates require 
ROIC’s to accommodate many samples per pixel. HoWever, 
current ROIC’s employing sample-and-hold methods cannot 
accommodate sufficient storage capacitors to effectively 
accommodate such high sampling rates. 

[0010] Traditionally, 3-D ?ash ladar systems employ the 
?rst return detected by each photodetector to construct a 
three-dimensional image of the scene. To enhance scene 
quality, engineers experimented With changing pulse Widths 
and increasing system bandWidth. HoWever, such systems 
often ignore valuable information contained in subsequent 
returns. Existing ROIC’s have dif?culty achieving high 
bandWidth, high sampling rate, and detecting multiple 
returns per pixel. To receive and analyZe multiple returns 
using conventional sample-and-hold technology Would 
require an impractical number of sample-and-hold circuits. 

[0011] Conventional ladar systems employ pulse-centroid 
and pulse-intensity information to facilitate scene imaging. 
Pulse-intensity information is required for optimal image 
clarity. Pulse intensity and pulse centroid are often measured 
directly from the received analog electrical pulse output 
from the EPA in response to receipt of the laser return. 
HoWever, analog circuitry for measuring pulse intensity and 
centroid is often bulky and consumes excess poWer. 

[0012] To improve image resolution, some systems 
employ narroW pulses. HoWever, use of intense narroW 
pulses requires a Wider bandWidth, Which increases the noise 
?oor, resulting in reduced dynamic range and pulse clipping. 
Consequently, intensity information and pulse-centroid 
information contained in these returns is lost, since conven 
tional ladar systems often require the full pulse to accurately 
determine pulse centroid and intensity. Clipping is particu 
larly problematic in systems requiring pulse-intensity and 
centroid information for accurate target detection and track 
ing. Conventional ROIC’s often lack su?icient bandWidth to 
accommodate very narroW and/or high frequency pulses, 
Which are often required for optimal image resolution. 

[0013] Conventional 3-D ?ash ladar sensors often employ 
ROIC’s that cannot accommodate multiple returns and have 
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limited frame rates between 30-60 HZ due to hardware and 
system design constraints. High frame rates are required for 
obstacle avoidance, such as for avoiding Wires. NarroW laser 
pulses, resulting in Wide-bandWidth receivers, are required 
to resolve tWo targets close together and to achieve range 
resolutions of less than 4 inches. 

[0014] Conventionally, a tradeolf exists betWeen high 
accuracy, short-distance Z-resolution (object separation), 
and intensity information. To increase Z-resolution, band 
Width is increased. HoWever, as system bandWidth increases, 
dynamic range often decreases, resulting in lost intensity 
information. 

[0015] Hence, a need exists in the art for a compact, 
ef?cient, high-bandWidth readout circuit that can effectively 
accommodate multiple signal returns per pixel from a given 
pulse and that can effectively accommodate high frame rates 
and sampling rates While maintaining intensity information. 

SUMMARY OF THE INVENTION 

[0016] The need in the art is addressed by the readout 
system for receiving return signals originating from an 
energy pulse ?red toWard a scene of the present invention. 
In the illustrative embodiment, the inventive system is 
adapted for use in ladar applications. The system includes a 
?rst mechanism for detecting energy received from a scene 
and providing a ?rst signal in response thereto. A second 
mechanism times a rising edge and a falling edge of a pulse 
contained in the ?rst signal and provides a second signal in 
response thereto. 

[0017] In a speci?c embodiment, a third mechanism deter 
mines characteristics of the pulse based on the second signal, 
and the second mechanism accommodates plural pulses. The 
second mechanism includes a mechanism for timing rising 
edges and, falling edges of plural pulses contained in the ?rst 
signal and providing the second signal in response thereto. 
The third mechanism includes a mechanism for determining 
characteristics of the pulses based on the second signal. The 
characteristics include characteristics suf?cient to generate 
an image of the scene, including pulse Width, pulse intensity, 
and/or pulse centroid. 

[0018] In a more speci?c embodiment, the system further 
includes a fourth mechanism for generating an image based 
on the characteristics. A ?fth mechanism stores the charac 
teristics for multiple return signals caused by a single pulse. 
The third mechanism includes a module containing infor 
mation pertaining to a shape of the ?red energy pulse and an 
expected shape of corresponding return pulses. The 
expected shapes of the return pulses are employed by the 
third mechanism to determine pulse intensity and pulse 
centroid as needed. The single pulse is a laser pulse, and the 
energy received from the scene is laser energy. The second 
signal is a digital signal, and the second mechanism includes 
a circuit for timing receipt of the rising edges and the falling 
edges by determining When the ?rst signal passes one or 
more thresholds. 

[0019] In the speci?c embodiment, the ?rst mechanism 
includes an array of photodetectors for receiving the laser 
energy and providing the ?rst signal in response thereto, 
Which is an electrical signal. The second mechanism further 
includes a mechanism for selectively adjusting the one or 
more thresholds for each photodetector in the array of 
photodetectors. 
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[0020] The novel design of the present invention is facili 
tated by the mechanism for timing rising and falling pulse 
edges, thereby obviating conventional problematic sam 
pling-and-holding techniques. Embodiments of the present 
invention cleverly employ rising and falling pulse edges to 
provide a digital signal from Which pulse-intensity, pulse 
Width, and pulse-centroid information can be extracted. This 
enables use of broadband ladar readout circuits that can 
measure multiple returns from a single ?red laser pulse 
While maintaining data integrity and minimiZing digital 
noise interference With the analog signal output from the 
photodetector. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is a diagram of a ladar system employing a 
unique readout circuit according to an illustrative embodi 
ment of the present invention. 

[0022] FIG. 2 is a more detailed diagram of an exemplary 
component of the readout circuit of FIG. 1. 

[0023] FIG. 3 is a graph illustrating exemplary inputs to 
and corresponding outputs of the threshold-crossing com 
parator of the readout circuit of FIG. 2. 

[0024] FIG. 4 is a diagram illustrating hoW laser return 
pulse Width varies With intensity. 

DESCRIPTION OF THE INVENTION 

[0025] While the present invention is described herein 
With reference to illustrative embodiments for particular 
applications, it should be understood that the invention is not 
limited thereto. Those having ordinary skill in the art and 
access to the teachings provided herein Will recogniZe 
additional modi?cations, applications, and embodiments 
Within the scope thereof and additional ?elds in Which the 
present invention Would be of signi?cant utility. 

[0026] FIG. 1 is a diagram of a ladar system 10 employing 
a unique readout circuit 18 according to an embodiment of 
the present invention. For clarity, various components, such 
as poWer supplies, local oscillators, integrated circuit chips, 
and so on have been omitted from the ?gures. HoWever, 
those skilled in the art With access to the present teachings 
Will knoW Which components to implement and hoW to 
implement them to meet the needs of a given application. 

[0027] In the present embodiment, the system 10 is aimed 
at a scene 12 and includes a common aperture 14 through 
Which the ladar system 10 vieWs the scene 12. The ladar 
system 10 includes a Focal Plane Array (FPA) 16 that 
provides inputs to one or more transimpedance ampli?ers 
(TIA’s) 22. The inputs from the detectors of the FPA 16 to 
the transimpedance ampli?ers 22 are biased via biasing 
currents or voltages provided via a detector biasing circuit 
48. The biasing functionality provided by the biasing circuit 
48 may be integrated With the transimpedance ampli?ers 22 
Without departing from the scope of the invention. 

[0028] The outputs of the TIA’s provide inputs to thresh 
old-crossing comparators 20 of the readout circuit 18. The 
readout circuit 18 may incorporate the one or more transim 
pedance ampli?ers 22, as discussed more fully beloW, to 
convert current signals output from the FPA 16 into voltage 
signals. 
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[0029] The readout circuit 18 includes the threshold-cross 
ing comparators 20, timing circuitry 24, and range and pulse 
Width memory 26. The threshold-crossing comparators 20 
provide input to the timing circuitry 24, outputs of Which are 
selectively clocked into the range and pulse Width memory 
26. 

[0030] The threshold-crossing comparators 20 receive 
threshold-adjustment signals from a threshold-adjustment 
module 28 running on a computer 30. The timing circuitry 
24 receives control input (A-Trig or start) from a counter 
activation module 32 running on the computer 30. The range 
and pulse Width memory 26 of the readout circuit 18 
communicates With a return pulse characterization module 
34 running on the computer 30. The computer 30 also runs 
an imaging system 36, a target recognition and tracking 
module 38, a guidance system 42, a laser controller 44, and 
a system controller 40. The system controller 40 communi 
cates directly With and controls the modules 34-44. 

[0031] The return pulse characterization module 34 pro 
vides input to the imaging system 36, Which provides input 
to the target recognition and tracking module 38 and the 
threshold-adjustment module 28. The target recognition and 
tracking module 38 provides input to the guidance system 
42, Which provides input to steering actuators 46. The laser 
controller 44 receives control input from the system con 
troller 40 and provides input to a laser 50 and the counter 
activation module 32. Those skilled in the art Will appreciate 
that various modules, such as the steering actuators 46, the 
target recognition and tracking module 38, and the guidance 
system 42, may be omitted Without departing from the scope 
of the present invention. 

[0032] In operation, software running on the controller 40 
selectively enables the laser controller 44, Which activates 
the laser 50 in accordance With a predetermined algorithm. 
The laser controller 44 may adjust laser pulse Width, fre 
quency, intensity, and so on in response to feedback from the 
controller 40. Those skilled in the art Will knoW hoW to 
adjust the ?ring of the laser 50 to meet the needs of a given 
application. 
[0033] The laser 50 ?res a pulse 52 toWard the scene 12. 
The pulse 52 ?ashes, i.e., illuminates the scene 12 to 
facilitate obtaining a three-dimensional image of the scene 
12. Hence, the system 10 is a 3-D ?ash ladar system. 

[0034] As the pulse 52 impinges on the scene 12, various 
obstacles, such as trees or camou?age netting, may yield 
plural laser returns 54 per pixel. In a conventional ladar 
system, only the ?rst of the returns 54 is registered. The ?rst 
of the returns 54 may contain laser energy re?ected from 
trees in the scene 12, While subsequent returns may contain 
laser energy re?ected from objects behind the trees. The 
ability to handle multiple returns per pixel enables the ladar 
system 10 to see through trees, camou?age netting, and so 
on, by registering information contained in subsequent 
returns. 

[0035] Conventional sample-and-hold systems lack requi 
site bandWidth to process multiple returns or to accommo 
date very narroW pulses. HoWever, the system 10 obviates 
sampling and holding and provides su?icient bandWidth to 
handle both multiple returns 54 and very narroW pulses. 

[0036] The FPA 16 is an array of photodetectors, corre 
sponding to pixels, Which receive laser returns 54 and 
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provide electrical signals in response thereto. The electrical 
signals are compared to predetermined thresholds via the 
threshold-crossing comparators 20. If laser energy of a 
particular pixel surpasses a set threshold as indicated by the 
electrical signals output from the TIA’s 22, then the thresh 
old-crossing comparator 20 corresponding to that pixel 
outputs a high state until the laser energy passes back beloW 
the threshold. The corresponding threshold-crossing com 
parator then outputs a loW state. Consequently, the thresh 
old-crossing comparators 20 output a digital signal corre 
sponding to laser returns received for the pixels in the FPA 
16. 

[0037] The timing circuitry 24 measures rising and falling 
pulses in the digital signal output from the threshold 
crossing comparators 20. The resulting times are stored in 
the range and pulse Width memory 26. In the present 
embodiment, the time at Which a rising edge is detected is 
stored as pulse range information, also called pulse time of 
arrival. The time at Which the corresponding falling edge is 
detected is subtracted from the pulse range and then stored 
as pulse Width information in the range and pulse Width 
memory 26. Subtractor circuits (not shoWn) may be 
employed to compute pulse Width, or the subtraction func 
tionality may be built into the timing circuitry 24. Altema 
tively, instead of storing pulse Width information directly, 
falling edge timing information may be stored directly as the 
time at Which the falling edge Was detected. 

[0038] The return pulse characterization module 34 selec 
tively accesses timing information stored in the range and 
pulse Width memory 26. The return pulse characterization 
module 34 cleverly computes pulse-intensity and pulse 
centroid information based on the pulse Width information. 
The return pulse characterization module 34 maintains infor 
mation pertaining to a shape of the ?red energy pulse and 
expected shapes of corresponding return pulses. The 
expected shapes are employed by the return pulse charac 
terization module 34 to selectively determine pulse intensity 
and pulse centroid based on the pulse Width. 

[0039] In the present embodiment, the return pulses 54 
have Gaussian pro?les. Pulse intensity varies predictable 
With the pulse Width, as discussed more fully beloW. Con 
sequently, the intensities of the pulses 54 can be determined 
from the Widths of pulses in the digital signal output by the 
threshold-crossing comparators 20, Which corresponds to 
the difference betWeen rise and fall times of pulses in the 
digital signal. Similarly, in systems lacking severe pulse 
skeWing, the centroid of a given pulse is approximately 
midWay betWeen the rising edge and falling edge of the 
corresponding digital pulse. Accordingly, those skilled in the 
art With access to the present teachings may readily imple 
ment algorithms required to infer pulse intensity and cen 
troid Without departing from the scope of the present teach 
1ngs. 

[0040] In some ladar system implementations, transistor 
saturation effects or other electronic e?fects may cause pulse 
skeWing or distortion. To more accurately determine pulse 
intensity and centroid based on times at Which pulse edges 
are detected, the return pulse characterization module 34 
compensates for any pulse skeWing or distortion. Those 
skilled in the art Will knoW hoW to adjust algorithms running 
on the return pulse characterization module 34 to compen 
sate for any pulse skeWing and/or distortion Without undue 
experimentation. 
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[0041] Pulse-intensity, centroid, and range information for 
the pixels in the FPA 16 are provided to the imaging system 
36 via the return pulse characterization module 34. The 
imaging system 36 collects data contained in returns for 
each pixel and then constructs a corresponding image of the 
scene 12. By obviating the need to directly sample return 
pulses With sloW, bulky, inef?cient, sample-and-hold cir 
cuits, suf?cient data throughput is readily achieved to enable 
the imaging system 36 to process multiple returns per pixel 
and to create a corresponding enhanced three-dimensional 
image or sequence of images in response thereto. Use of 
multiple returns (return signals) enables enhanced image 
depth resolution of three inches or less. 

[0042] Unlike previous approaches, the pulse centroid is 
determined by comparing rise and fall times. Conventional 
ladar systems require analog comparator circuitry to deter 
mine pulse centroids. Furthermore, such systems typically 
lack onboard range/pulse-Width registers. 

[0043] The readout circuit 18 reduces or eliminates clip 
ping problems occurring With high-speed loW-dynamic 
range processes by obviating the need to sample received 
pulses. The intensities of clipped pulses can be inferred by 
reference to the pulse Width. Conventional systems typically 
cannot resolve adjacent returns Without maintaining inten 
sity information. Such intensity information is lost by con 
ventional systems as pulse Width decreases; system band 
Width requirements increase; the noise ?oor increases; and 
dynamic range decreases. 

[0044] The readout circuit 18 can also accommodate very 
narroW pulses, Which Would otherWise require prohibitively 
fast sample-and-hold circuitry. Use of very narroW pulses is 
particularly advantageous for stealthy operations and for 
freezing high-speed motion and reducing or eliminating any 
image blurring due to scene motion relative to the system 10. 

[0045] The imaging system 36 provides enhanced imaging 
information to the target recognition and tracking module 
38. The target recognition and tracking module 38 may 
analyze the image information via match ?ltering, velocity 
?ltering, and/or other techniques to locate and track targets 
in the scene 12. Information about the target, such as target 
location, velocity, and type, Which is extracted by the target 
recognition and tracking module 38 from the image infor 
mation, is provided to the guidance system 42. The guidance 
system 42 employs the target information to selectively 
control the steering actuators 46. When the system 10 is 
employed on a missile (not shoWn), the steering actuators 46 
are adjusted so that the missile is steered toWard the target. 

[0046] The threshold-adjustment module 28 individually 
adjusts threshold levels corresponding to each detector in the 
FPA 16 via input to the threshold-crossing comparators 20. 
In the present speci?c embodiment, the threshold-adjust 
ment module 28 incorporates a global threshold that is 
applied to all detectors in the FPA 16 and an individual pixel 
o?fset that is customized for each detector to achieve a 
desired false alarm rate distribution across the FPA 16. The 
threshold-adjustment module 28 may dynamically adjust 
pixel thresholds in response to feedback received from the 
imaging system 36 via the controller 40 to optimize image 
quality. Algorithms required to perform such adjustments 
may readily be implemented by those skilled in the art and 
With access to the present teachings. Alternatively, indi 
vidual pixel thresholds are maintained during system opera 
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tion and are initialized by aiming the system 10 at a uniform 
scene (not shoWn) and making appropriate threshold adjust 
ments to normalize detector responses. 

[0047] The use of time-programmable global and indi 
vidual thresholds is advantageous, enabling further image 
quality optimization. Conventional readout circuit architec 
tures employ a single global threshold to compensate for 
false alarms, and the global threshold is applied simulta 
neously to all pixels in the Focal Plane Array (FPA). 

[0048] The counter-activation module 32 determines 
When the laser 44 is to be ?red via input received from the 
laser controller 44. The counter-activation module 32 then 
activates the timing circuitry 24 accordingly. In the present 
speci?c embodiment, high-speed counters included in the 
timing circuitry 24 are sequentially activated in accordance 
With a predetermined optimum sequencing scheme to effi 
ciently manage system poWer resources Without signi? 
cantly compromising system imaging capabilities. 
[0049] Those skilled in the art With access to the present 
teachings may readily construct various modules and com 
ponents of the ladar system 10, including algorithms running 
on the computer 30, such as the imaging algorithm running 
on the imaging system 36 capable of handling multiple 
returns, Without undue experimentation. 

[0050] The readout circuit 18 may be implemented via an 
Application-Speci?c Integrated Circuit (ASIC) and a micro 
chip (not shoWn). In the embodiment of FIG. 1, no analog 
signals other than poWer are delivered to the integrated 
circuit chip (not shoWn) on Which the readout circuit 18 is 
implemented. 
[0051] Storing the data in digital form in the range/pulse 
Width memory 26 facilitates ef?cient and fast data transfer to 
and from the readout circuit 18, alloWing high-speed frame 
rates of multiple kHz or more. This is very fast compared to 
previous readout circuit architectures, Which had frame rates 
limited to 30-60 Hz. 

[0052] When building the system 10, a phenomenon 
called ground bounce should be accounted for. Ground 
bounce typically results from large currents sWitching on 
and off in nanosecond times. Large circuit voltage changes 
during each current transition may result from mutual induc 
tance betWeen conductors. 

[0053] To mitigate ground bounce, the ASIC chip (not 
shoWn) upon Which the system 10 is implemented, and 
particularly the ASIC chip upon Which the readout circuit 18 
is implemented, is divided into 4 quadrants (not-shoWn). 
This alloWs sequential clock turn on for each quadrant, 
Which minimizes the initial current surge to the read out 
integrated circuit 18. 

[0054] Geometry is also important. To minimize noise 
pickup, no clocks are run near the TIA’s 22. Parts of the chip 
(not shoWn) associated With the readout integrated circuit 18 
are turned on and off to minimize thermal loading. Further 
more, the chip carrier (not shoWn) employs loW inductance 
capacitors to minimize ground bounce. 

[0055] FIG. 2 is a more detailed diagram of an exemplary 
element 18' of the readout circuit 18 of FIG. 1. The readout 
circuit element 18' accommodates output from a single 
photodetector 16'. The photodetector 16' provides input to a 
transimpedance pre-ampli?er 62, Which provides input to a 
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threshold-crossing comparator 20'. The threshold-crossing 
comparator 20' also receives input from an adder 64, Which 
receives input from a ?rst Digital-to-Analog Converter 
(DAC) 66 and a second DAC 68. The ?rst DAC 66 receives 
a digital global threshold input from the threshold-adjust 
ment module 28 of FIG. 1, and the second DAC 68 receives 
a digital threshold-offset signal from the threshold-adjust 
ment module 28 of FIG. 1. The DAC’s 66, 68 may be 
omitted, and the threshold-adjustment module 28 of FIG. 1 
may output digital threshold signals, Without departing from 
the scope of the present invention. 

[0056] A range gate 54 is input to the threshold-crossing 
comparator 20', Which can turn off the comparator 20' until 
a desired range is achieved. The system 10 of FIG. 1 can 
then blank out undesired returns until the target of interest is 
reached. 

[0057] A 4 GHZ phase-locked-loop (PLL) 50 receives 
input from a reference clock 56. This enables a loW speed 
digital interface, such as a 20 MHZ. Interface (not shoWn) 
betWeen the computer 30 and the ASIC chip corresponding 
to the readout circuit 18 of FIG. 1 With various elements 18' 
of FIG. 2. This facilitates interface design and reduces chip 
costs. A 4 GHZ interface is generally more dif?cult to build 
than a 20 MHZ interface. 

[0058] The threshold-crossing comparator 20' provides 
input to edge detectors 52, Which include a rising-edge 
detector 70 and a falling-edge detector 72. Outputs of the 
edge-detectors 70, 72 are selectively clocked into a range/ 
pulse; Width register 26' via a high-speed multi-gigaher‘tZ 
counter 24', Which receives an enable signal from the 
counter-activation module 32 of FIG. 1. 

[0059] The range/pulse-Width register 26' stores range 
data (TR1 . . . TRD) and pulse Width data (TW1 . . . TWD) for 
several laser returns. The laser returns may include returns 
originating from a single laser pulse ?red toWard the scene 
(see 12 of FIG. 1) and/or returns from plural ?red pulses. 
The stored range and pulse Width data is accessible to the 
return pulse characteriZation module 34 of FIG. 1. The 
range/pulse-Width register 26' can also be selectively cleared 
via a clearing signal from the return pulse characterization 
module 34 in response to input from the controller 40 of 
FIG. 1. The exact architecture of and siZe of the range/ 
pulse-Width register 26' is application speci?c, and those 
skilled in the art Will knoW hoW to implement the register 26' 
to meet the needs of a given application Without undue 
experimentation. 

[0060] In operation, the photodetector 16' receives laser 
energy 54 re?ected from a scene, such as the scene 12 of 
FIG. 1, and provides an electrical current signal in response 
thereto. In the present embodiment, the photodetector 16' is 
implemented via a GaAs photodiode. The resulting current 
signal is converted to a voltage signal via the transimped 
ance pre-ampli?er 62 and then input to the threshold 
crossing comparator 20'. The threshold-crossing comparator 
20' compares the voltage input to a customiZed threshold 
input from the adder 64. The output of the adder 64 
represents a threshold value that is customiZed for the 
photodetector 16'. 

[0061] The threshold-crossing comparator 20' outputs a 
high voltage state When the voltage signal output from the 
pre-ampli?er 62 surpasses the threshold. When the voltage 
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signal passes beloW the threshold, the threshold-crossing 
comparator 20' outputs a loW voltage state. Consequently, 
the output of the threshold-crossing comparator 20' is a 
digital signal based on the output of the photodetector 16' 
that is constructed Without sampling. 

[0062] Those skilled in the art Will appreciate that another 
type of threshold, other than a custom threshold, may be 
employed Without departing from the scope of the present; 
invention. Furthermore, more than one threshold may be 
provided to the threshold-crossing comparator 20' for com 
parison to the voltage input from the pre-ampli?er 62. For 
example, separate thresholds may be employed to determine 
the rising edge and the falling edge of a particular voltage 
pulse. 
[0063] The rising edges and falling edges of the pulses in 
the digital signal output from the threshold-crossing com 
parator 20' are detected by the rising edge detector 70 and 
the falling-edge detector 72, respectively. The high-speed 
counter 24' times When a rising edge is detected and When 
a falling edge is detected for a particular pulse, and the 
resulting times are stored in the range/pulse-Width register as 
range information and pulse Width information. 

[0064] In the present embodiment, the high-speed counter 
24' is a 5 GHZ counter. In addition, the various components 
of the ladar readout circuit element 18' are implemented via 
the latest lithography processes, such as such as the IBM 
SiGe 7HP process. Such processes may facilitate circuit 
clock rates above 10 GHZ. To the inventors’ knowledge, 
SiGe has not been previously used in readout circuits. 

[0065] In the best mode, the circuitry beyond the thresh 
old-crossing comparator 20' is digital and resistant to analog 
noise. Furthermore, improved data integrity and retention is 
attained. 

[0066] With reference to FIGS. 1 and 2, the system 10 
exhibits various bene?cial features, including: 

[0067] l. The system 10 may accommodate a large FPA 
16, such as 32x32 or greater. 

[0068] 2. Detector biasing via the detector biasing cir 
cuit 48 promotes e?icient operation of the readout 
circuit 18. 

[0069] 3. High bandWidth capabilities of the system 10 
alloW for high resolution, Which alloWs separation of 
tWo objects close together. 

[0070] 4. A 4 GHZ or faster phase-locked-loop 50 in the 
timing circuitry 24 promotes high accuracy and facili 
tates interfacing the high-speed ROIC 18 With the 
computer 30. 

[0071] 5. A global pixel threshold can be adjusted at a 
very high speed (>20 MHZ) via the threshold-adjust 
ment module 28 and associated digital interface (not 
shoWn) betWeen the threshold-adjustment module 28 
and the threshold crossing comparators 20. The thresh 
old-adjustment module 28 enables time-programmable 
adjustments that can accommodate individual detector 
sensitivities. 

[0072] 6. The system 10 can record multiple returns 54 
from a single ?red pulse 52 and can guarantee last 
return captured (if one present) necessary to see targets 
under trees. 
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[0073] 7. The system 10 employs 4 quadrants (not 
shown) and sequencing to accommodate ground 
bounce. 

[0074] 8. The system 10 employs range gating via the 
range gate circuit 54. 

[0075] FIG. 3 is a graph 80 illustrating exemplary inputs 
82 to and corresponding outputs 84 of the threshold-crossing 
comparator 20 of the readout circuit element 18' of FIG. 2. 
The graph 80 includes an analog input Waveform 82 com 
prising a ?rst analog pulse 86 and a second analog pulse 88. 
A digital output Waveform 84 includes a ?rst digital pulse 86 
and a second digital pulse 92. 

[0076] With reference to FIGS. 2 and 3, the threshold 
crossing comparator 20' senses When the initial analog input 
pulse 86 surpasses the threshold 94 and outputs a high state 
corresponding to the ?rst digital pulse 90. When the voltage 
level of the initial input pulse 86 passes beloW the threshold 
94, the threshold-crossing comparator 20' outputs a loW 
voltage state. The threshold-crossing comparator 20' oper 
ates similarly for the second analog pulse 88, yielding the 
corresponding second digital pulse 92. 

[0077] The times (TRl, TR2) at Which the rising edges of 
the digital pulses 90, 92 are detected by the edge detectors 
52 represent range information. Times at Which the falling 
edges of the digital pulses 90, 92 are detected by the edge 
detectors 52 are employed to compute pulse Widths. Pulse 
Width information and range information is suf?cient to 
compute the intensity and centroid of the analog pulses 86, 
88, since the pulses 86, 88 are Gaussian and vary predictable 
With pulse Width. The pulse centroids are often approxi 
mately midWay betWeen rising and falling pulse edges. 
HoWever, pulse skeWing may predictably shift the location 
of the centroids relative to the rising and falling edges of the 
digital pulses 90, 92. Systems and algorithms for accom 
modating pulse skeWing are application speci?c and may be 
readily determined by those skilled in the art to meet the 
needs of a given application. 

[0078] In conventional systems, very intense analog 
pulses, such as the analog pulse 88 may be clipped due to 
loW system dynamic range. Consequently, intensity and 
pulse-centroid information is often lost, Which compromises 
imaging system capabilities. HoWever, ladar systems con 
structed in accordance With the present invention may 
cleverly compute intensity information for very intense 
pulses by measuring times at Which rising edges and falling 
pulse edges are detected. 

[0079] FIG. 4 is a diagram 100 illustrating hoW laser 
return pulse Width varies With intensity. In the present 
speci?c embodiment, laser pulses that result in Gaussian 
returns are employed. The diagram 100 illustrates four 
exemplary Gaussian returns 102, 104, 106, and 108 in order 
of decreasing intensity. As pulse intensity increases, pulse 
Width increases accordingly. The pulses 102 and 104 are 
su?iciently intense to surpass an exemplary saturation clip 
ping level 110. HoWever, the intensities and the centroids of 
these pulses may be extrapolated from pulse Width infor 
mation. 

[0080] The pulse 108 is too small to surpass the threshold 
94, and consequently, goes undetected by the threshold 
crossing comparator 20'. The threshold 94 is adjusted rela 
tive to noise levels and photodetector sensitivity to yield a 
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desired number of false alarms and to achieve a desired 
overall image quality. The adjustments are performed via the 
threshold-adjustment module 28 running on the computer 30 
of the system 10 of FIG. 1. 

[0081] The Gaussian pulses 102-108 may be approxi 
mated by the folloWing equation, Which does not account for 
pulse skewing: 

Where (I and m are constants, called the standard deviation 
and expected value, respectively; I represents pulse inten 
sity, and t represents time. 

[0082] Those skilled in the art Will appreciate that pulses 
other than Gaussian may be employed Without departing 
from the scope of the present invention. In these cases, 
algorithms for computing pulse intensity and pulse centroid 
based on times at Which pulses pass certain thresholds are 
adjusted accordingly. 
[0083] Thus, the present invention has been described 
herein With reference to a particular embodiment for a 
particular application. Those having ordinary skill in the art 
and access to the present teachings Will recogniZe additional 
modi?cations, applications, and embodiments Within the 
scope thereof. 

[0084] It is therefore intended by the appended claims to 
cover any and all such applications, modi?cations and 
embodiments Within the scope of the present invention. 

[0085] Accordingly, 

What is claimed is: 

1-12. (canceled) 
13. A system for receiving a signal from a scene com 

prising: 

?rst means for detecting said signal and providing a 
detected signal in response thereto, said ?rst means 
including an array of said detectors and said detected 
signal having a pulse therein; 

second means for computing pulse time of arrival and/or 
pulse intensity based on a ?rst time at Which a rising 
edge of said pulse crosses a ?rst threshold and a second 
time at Which a falling edge of said pulse crosses a 
second threshold, said ?rst threshold and said second 
threshold being the same threshold value; and 

third means for generating an image based on said second 
signal; 

said second means including: 

fourth means for timing When said rising edge of said 
pulse passes said ?rst threshold and When said falling 
edge of said pulse passes a second threshold and 
providing said ?rst and second times in response 
thereto and 

?fth means for computing pulse centroid based on said 
?rst and second times, 
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said fourth means including: 

a threshold-crossing comparator that receives said 
threshold value and said detected signal as input d 
provides a digital signal as output in response 
thereto and 

sixth means for generating thresholds adapted to 
each detector in said array of detectors, said sixth 
means employing global threshold associated With 
all detectors in said array of detectors and provid 
ing an individual threshold adjustment to said 
global threshold so that each detector is associated 
With a threshold adapted to that detector. 

14-16. (canceled) 
17. The system of claim 4613 Wherein said ?rst means 

includes a detector for receiving electromagnetic energy and 
providing an electrical signal in response thereto. 

18. (canceled) 
19. The system of claim 13 Wherein said fourth means 

further includes a rising edge detector and a falling edge 
detector that receive said digital signal as input and provide 
rising edge and falling edge information in response thereto. 

20. The system of claim 19 Wherein said fourth means 
further includes a storage mechanism in communication 
With a high-speed counter for timing receipt of said rising 
edge information and said falling edge information and 
maintaining said ?rst and second times in response thereto. 

21. The system of claim 20 Wherein said storage mecha 
nism includes a register that maintains each of said ?rst and 
second times as a time at Which a ?rst edge Was detected and 
a time difference betWeen When said ?rst edge and a 
subsequent edge Were detected. 

22-25. (canceled) 
26. A system for receiving a signal from a scene com 

prising: 

?rst means for detecting said signal and providing a 
detected signal in response thereto, said ?rst means 
including an array of detectors, each of said detectors 
being a photodetector, said signal received from said 
scene including one or more return signals from a laser 
pulse, said detected signal being an electrical signal, 
and said detected signal having a pulse therein; 

second means for computing pulse time of arrival and/or 
pulse intensity based on a ?rst time at Which a rising 
edge of said pulse crosses a ?rst threshold and a second 
time at Which a falling edge of said pulse crosses a 
second threshold, said ?rst threshold and said second 
threshold being the same threshold value, and 

third means for generating an image based on said second 
signal; 

Wherein said second means further includes fourth means 
for timing When said rising edge of said pulse passes 
said ?rst threshold and When said falling edge of said 
pulse passes said second threshold and providing said 
?rst and second times in response thereto and ?fth 
means for computing pulse centroid based on said ?rst 
and second times; and 

said fourth means further includes a threshold-crossing 
comparator that receives one of said threshold values 
and said detected signal as an input and provides a 
digital signal as output in response thereto. 
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27. The system of claim 26 Wherein said system includes 
a ladar readout circuit and a range gate. 

28-31. (canceled) 
32. A ladar system comprising: 

?rst means for ?ring a laser pulse toWard a scene; 

second means for measuring return pulses by registering 
rising edges and falling edges of return pulses and 
providing a digital signal in response thereto, said 
second means including: 

an array of said photo detectors and corresponding 
threshold-crossing comparators to determine When 
said electrical signals pass predetermined thresholds 
to register said rising edges and said falling edges, 
each photo detector associated With a counter for 
timing registration of said rising edges and said 
falling edges and 

means for selectively controlling activation of said 
counters in response to activation of said ?rst means 
to facilitate poWer control; and 

third means for generating an image of a scene illumi 
nated by said laser pulse based on output of said second 
means. 

33-35. (canceled) 
36. The system of claim 32 further including fourth means 

for guiding a vehicle based on output from said second 
means. 

37. The system of claim 32 further including ?fth means 
for tracking a target based on output from said second 
means. 

38. (canceled) 
39. A system for receiving a signal from a scene com 

prising: 
?rst means including an array of detectors for detecting 

said signal and providing a detected signal in response 
thereto, said detected signal having a pulse therein; 

second means for computing pulse time of arrival and/or 
pulse intensity based on a ?rst time at Which a rising 
edge of said pulse crosses a ?rst threshold and a second 
time at Which a falling edge of said pulse crosses a 
second threshold, said ?rst threshold and said second 
threshold being the same threshold value, said second 
means including: 

third means for timing When said rising edge of said 
pulse passes said ?rst threshold and When said falling 
edge of said pulse passes said second threshold and 
providing said ?rst and second times in response 
thereto, said third means including a threshold-cross 
ing comparator that receives said threshold value and 
said detected signal as input and provides a digital 
signal as output in response thereto, 

fourth means for computing a pulse centroid based on 
said ?rst and second times, said fourth means 
employing a global threshold associated With all 
detectors in said array of detectors and provides an 
individual threshold adjustment to said global 
threshold so that each detector is associated With a 
threshold adapted to a respective detector and 

?fth means for generating thresholds adapted to each 
detector in said array of detectors. 
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40. A ladar system comprising: 

?rst means for ?ring a laser pulse toward a scene; 

second means for measuring return pulses by registering 
rising edges and falling edges of return pulses and 
providing a digital signal in response thereto, said 
second means including: 

an array of photodetectors for receiving laser return 
signals and providing electrical signals in response 
thereto, each photo detector associated With a 
counter for timing registration of said rising edges 
and said falling edges, and 

threshold-crossing comparators to determine When said 
electrical signals pass predetermined thresholds to 
register said rising edges and said falling edges, 
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third means for generating an image of a scene illumi 
nated by said laser pulse based on output of said second 
means; and 

fourth means for selectively controlling activation of said 
counters in response to activation of said ?rst means to 
facilitate poWer control. 

41. The system of claim 40 further including ?fth means 
for guiding a vehicle based on output from said second 
means. 

42. The system of claim 40 further including ?fth means 
for tracking a target based on output from said second 
means. 


