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FREQUENCY DOMAIN RANGE DETERMINATION FOR A PERIODIC OR QUASI-
PERIODIC TARGET

BACKGROUND

{0001] Conventional methoads of automatically determining the distance to a target
uses special hardware. For example, a jaser source can be used to send a pulse of light
toward a target, and a specialized optical recovery system measures the transit time for

the laser pulse {0 be reflected back from the target.
BRIEF DESCRIPTION OF THE DRAWINGS

[0002] The asccompanying drawings dlustrate various examples of the pnnciples

described below. The examples and drawings are diustrative rather than imiting.

[6003] FIG. 1 depicts an example environment in which a computing system that

performs range finding and autofocusing may be implemented.
[0004] FIG. 2 depicts a block diagram of an example computing system.

[0005] FiG. 3 depicts a block diagram depicting an example memory resource and an

axample processing resource.

[0006] FIG. 4A depicts an example one-dimensional periodic targst in the spatial
domain, FIG. 4B depicts locations of peaks of the magnitude of a Fourier fransform of the

example one-dimensional periodic target.

[0007] FIG. BA depicts an example of a two-dimensional periodic clustered-dot
halftone structure from which a stegatone is based. FIG. 5B depicts locations of peaks of

the magnitude of a Fourier fransform of the example two-dimensional periodic target.

[0008] FIG. B6A depicts an example of a two-dimensional periodic dot structure from
which a grid code is based. FiG. 6B depicts locations of peaks of the magnitude of a
Fourier transform of the example two-dimensional periodic target.
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[0009] FIG. 7 depicts an example oplicatl imaging system that communicates imaging
data to a computing system.

[0010] FIGS. BA-BC depict a flow diagram ilustrating an example process of finding a
range distance 1o a target and/or an autofocus distance for the target imaging system.

DETAILED DESCRIPTION

[0011} Automatically determining the distance fo a target can involve costly
equipment. However, the techniques presented below use an imaging system and a
processor, such as can be found in a mobile device like a smariphone, to perform range-
finding for both the near field and far field. A periodic or gquasi-periodic farget is imaged by
the imaging system, and the processor performs a discrete Fourer transform (DFT) on the
image of the target. Both the range distance and the autofocus distance are dependent on
the locations of the peaks of the magnitude of the DFT relative {o the origin of the
frequency domain. Expressions are presented for the range distance between the imaging
gystem and the target and the autofocus distance between an imaging lens of the imaging
system and a sensor that caplures the image. In some implementations, a system can
serve a dual purpose of finding the range distance and recovering embedded data in a
guasi-periodic target.

[6012] FiG. 1 depicts an example environment 100 in which a computing system 120
that can perform range finding and autofocusing functions may be implemented. An
imaging system 110 can include a tens 112 for imaging a target 130 on to a sensor 114.
The lens 112 can be a simple lens or the equivalent lens for a more complex imaging
system. The sensor 114 can be, for example, a charge-coupled device {CCD) or a
complementary metal-oxide-semiconductor (CMOS) device. The imaging system 110 can
be an independent system, such as a digital camera, or part of another device. In one
configuration, the imaging system 110 can be part of a mobile device, such as a
smartphone.

[0013] For the computing system 120 to perform range finding and autofocusing, the
imaging system 110 should image a target 130 that is either periodic or quasi-periodic. A
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periodic target is made up of elements that occur at regular intervals. An example of a

one-dimensional periodic target in the form of paralle! ines is shown in FIG. 4A.

[0014] A quasi-periodic target is made up of elements that have been periurbed
shghtly from a center point, and the center points make up a penodic pattern. A guasi-
periodic target can be used to represent data. A quasi-periodic two-dimensional object
may be g semi-steganographic halftone {"stegatone”) or grid code that consists of an array
of elements on a two-dimensional pericdic structure, where data elements are represented
with small perturbations in the periodic structure. An example of a two-dimensional
periodic clustered-dot halftone structure from which a stegatone is based is shown in FIG.
5A, and an example of g two-dimensional periodic dot structure from which a grid code is
based is shown in FIG. 8A.

[0015] FIGS. 2 and 3 depict examples of physical and logical components for
implementing the computing system 120. In the example of example of FIG. 2, various
components are identified as engines 212, 214, 216, 218, 218. The descriptions of
engines 212, 214, 216, 218, 219 wil focus on each engine’s designated funchion.
However, the term engine refers t0 a combination of hardware and programming
configured to perform a designated funclion. As illustrated with respect to FIG. 3, the
hardware of each engine, for example, may include a processor and a memory, while the
programming is software code stored on that memory and executable by the processor fo

perform the designated function.

[60186] FIG. 2 depicts a block diagram of the example computling system 120.
Computing system 120 can include a communication engine 212, a discrete Fourier
transform (DFT) engine 214, a range finding engine 216, an autcfocus engine 218, and an
image decoding engine 218. Each of the engines 212, 214, 216, 218, 219 can interact
with the data repository 220,

[6017] Communication engine 212 may be configured {o receive signals to trigger the
capture of an image of a target with a sensor, or {0 receive a capturaed image of a target for
analysis. Communication engine 212 may aiso be configured to report a determined
range distance between the target and a lens that caplures an image of the target.

Additionally, communication engine 212 may be configured to report a determined

-
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autofocus distance between the lens and a sensor, or to adjust the distance between the
lens and the sensor by sending signals to move the lens andior the sensor. Reporting can
be performed by the communication engine 212 by sending the values of the determined
distance by any of a variety of methods, for example, immediately reporting values upon
determination, sending a report at a predetermined time, or sending the values by email o

a receiver.

[0018] DFT engine 214 is configured 1o take a discrete Fournier transform of an imags
of a farget. The magnitude plot of the DFT of the image shows the frequency content of
the image with different values at different frequencies. Strong spikes or peaks in the DFT
may correspond {o the spatial frequency of a periodic or quasi-periodic structure of the
target. A half-plane of the magnitude plot of the DFT 18 analyzed by the DFT engine 214
to identify the peak points in a local neighborhood, and peak points in the other half-plane
are assumed based on peak points within the analyzed half-plane. Then the distances
between each identified peak point and the origin point in the frequency domain are
determinad. These distances are referred to herein as peak distances. Range finding
engine 216 is configured fo find a range distance between the target and the lens of the
imaging system. An exact distance can be determined based on the determined peak
distances; parameters of the imaging system, for example, the size of the image sensor
and the focal length of the lens; and parameters of the target, for example, the print

resolution of the target and the fundamental spatial resolution of the target.

[6019] If the parametlers of the imaging system are not known, an empirically
determined ratio of the lens-to-target distance to a target extent can be used, where the
measured ratio is for a sample lens-fo-farget distance within an operating range of the
imaging system. Then an approximate range distance can be found based on the peak
distances, the empircally measured ratio, and the parameters of the farget. Details for
finding the exact and approximate range distances are provided below.

[0020] Autofocus engine 218 is configured o find an autofocus distance belween the
lens and the sensor that autofocusss the imaging system. An exact autofocus distance
can be determined based on the peak distances, the parameters of the imaging system,
and the parameters of the target. In some implementations, the autofocus engine 218 can

.
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control the position of the lens andfor the sensor of the imaging system to adjust the
distance between the elements to the determined autofocus distance. Details for finding
the autofocus distance are provided below.

[86021] in some implementations, the image decoding engine 219 s configured to
recover data from the image of a quasi-periodic target, wherein the data is represented
with a known method in the targel.

[0022] Data repository 220 can store data, such as peask distances, empincally
determined ratios of the lens-to-target distance and a target extent, parameters of imaging

systems, and paramsters of targets.

[06023] in the above description, various components were described as combinations
of hardware and programming. Such components may be implemented in different ways.
Referring to FIG. 3, the programming may be processor executable instructions stored on
tangible memory resource 310 and the hardware may include processing resource 320 for
executing those instructions. Thus, memory resource 310 can store program instructions
that when executed by processing resource 320, implements computing system 120 of
FIG. 2.

[0024] Memory resource 310 generslly represents any number of memory
components capable of storing instructions that can be executed by processing resource
320. Memory resource 310 is non-transitory in the sense that it does not encompass a
transifory signal but instead is made up of one or more memory components configured 1o
store the relevant instructions. Memory resource 310 may be implementad in a single
device or distributed across devices. Likewise, processing resource 320 represents any
number of processors capable of executing instructions stored by memory resource 310.
Processing resource 320 may be integrated in a single device or distributed across
devices. Further, memory resource 310 may be fully or partially integrated in the same
device as processing resource 320, or i may be separate but accessible to that device
and processing resource 320.

[0025] in one example, the program mnstructions can be part of an installation
package that when installed can be executed by processing resource 320 1o implement
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system 120, in this case, memory resource 310 may be a portable medium such as a
compact disc {CD), digital video disc {BVD), or flash drive or 2 memory maintained by a
server from which the installation package can be downloaded and installed. In ancther
example, the program instructions may be part of an application or applications already
installed. Memory resource 310 can include integrated memory, such as a hard drive,

solid state drive, or the like.

[0026] in the example of FIG. 3, the executable program instructions stored in
memory resource 310 are depicted as communication module 312, DFT module 314,
range finding module 316, autofocus module 318, and image decoding module 319
Communication module 312 represents program instructions that when executed cause
processing resource 320 o implement communication engine 212, DFT module 314
represents program instructions that when executed cause processing resource 320 fo
implement DFT engine 214. Range finding module 316 represents program instruclions
that when executed cause processing resource 320 to implement range finding engine
216, Autofocus module 318 represents program instructions that when executed cause
processing resource 320 to implement autofocus engine 218, Image decoding module
319 represents program instructions that when executed cause processing resource 320
to implement image decoding engine 219.

[0027] The techniques described below for finding the range distance and the
autofocus distance are applicable to both near field and far field pericdic and quasi-
periodic targets. With both near field and far field range finding, the imaging system
should have sufficient resclution to discriminate the periodic or quasi-periodic elements of
the target and also be able to capture the entire {arget in the image, or a sufficiently large
portion of the target so that the magnitude of the DFT of the image has discemible
dominant peaks, where the peaks arise from the periodic spatial pattems of the targst
When the target is in the field of view of the imaging system, the dominant peaks will
appear in the magnitude of the DFT, as shown in the examples of FIG. 4B which depicts
locations of peaks of the example one-dimensional target shown in FIG. 4A; FIG. 5B which
depicts locations of peaks of the example two-dimensional periodic target shown in FIG.

5A; and FIG. 6B which depicts locations of peaks of the example two-dimensional pericdic

A
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grid-code target shown in FIG. 8A. In the case of a one-dimensional target, there will be a
total of two peaks in the DFT magnitude image, one in each half-plane, P1, P2, as seen in
the example of FIG. 48. In the case of a two-dimensional target, there will be a total of
four peaks in the DFT magnitude image, two in each half-plane. Peaks P11, P12, P13,
P14 are seen in the example of FIG. 5B, and peaks P21, P22, P23, P24 are seen in the
example of FIG. 6B. The peak points in a first half-plane of the DFT magnitude image are
reflections through the origin point in the frequency domain of the peak points in the other

half-plane. Thus, it is sufficient to determine the peak points in one haif-plane.

[0028] The peak distance, a, between a peak point and the origin has a fixed
relationship to other system variables, as given by the equation: a = PACw)}, where P is the
print resolution in printed-pixels per inch, w is the fundamental spatial period i printed-
pixels per cycle, C is the capture resolution in captured-pixels per inch, and a has units of
cycles/captured pixel. If the target is perpendicular to the optical axis of the imaging
system, all of the peaks will be equidistant from the origin point of the frequency domain.
if the target is oblique to the optical axis of the imaging system, the peak distances of the
points will vary, and an average of the peak distances can be used for a, or & can be

obtained using any other suitable function based upon the determined peak distances.

[0029] For a clustered-dot halftone, the fundamental or highest periodic frequency w
is defined by the halfione “screen line” period, as shown in the example of FIG. bA which

shows a 45-degree clustered dot screen. For an example stegatone cell size of 4, the

value of w is %, and for an example print resolution P of 400, the peak distance a is
100/ CY3) cyclesi/pixel.

[6030] The fundamental spatial period w for an example grid code is shown in FiG.
6A. Note that the targets shown in FIGS. SA and 6A are rotated 45 degrees with respect
to each other. In general, the peak distance is independent of the angle of rofation of a
target. For an example case where wis 10, and P is 812.8, the peak distance ais 81.28/C

cycles/pixel.
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[0031] in some cases, the image of a target can be captured using & mobde device
camera, and the image can be analyzed using a processor on the mobile device. A typical
smartphone has both components. Optical imaging systems of mobile device cameras
can be modeled as a thin lens system, as shown in the example of FIG. 7. The imaging
gystem 710 includes a thin lens 714 that images the target 720 onto a sensor 712. The
image capiured by the sensor 712 is sent to the computing system 120 for processing to
determine a range distance and/or an autofocus distance. For ecase of description, the
following variables are used: T is the span of the captured target; S is the size of the
image sensor that spans N pixels; g is the distance between the lens 714 and the sensor
712, also known as the focal distance; d is the range distance between the lens 714 and
the target 720; and £ is the focal length of the lens 714, Additionally, N is the number of
capture samples that span the captured target, that is, the size of the calculated DFT. For
a larger value of N, a better resclution is obtained for the calculated distance. However,
the computation time for obtfaining the distance is longer.

[0032] Based on the thin lens equation, 1/d + 1/g = 1/f, an exact expression for the
range distance dis given by:

d = [1+wha/(SP)JF. (1)

In some cases, the values for the focal length T of the lens 714 and the size 8 of the
sensor 712 are not known. However, a ratio of similar triangles given by the relationship
diT = gi&S remains nearly constant over the range of distances that are of interest, that is,
where there is sufficient resolution to resoclve the elements of the target and where at least
most of the target is captured by the imaging system. The size of the image sensor S is
constant, and the focal distance ¢ varies slightly. For mobile device cameras, the variation
of the focal distance g is within 2% over the range of interest. Thus, an approximation o/T
= R can be used, where the dimensionless ratio R is determined smpincally for a sample
distance within the range of interest. Then the approximate range distance is given by:

d = aBRWNIP, 2)

wherg the peak distance a 8 a non-constant value, and the values for R, w, N, and P are

known.

8-
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[0033] in cases where the focal distance g of the imaging system 710 can be
controlled, for example, by moving the position of the imaging lens 714 and/or the position
of the sensor 712, the focal distance g for fine tuning the system can be determined. By

using the thin lens equation, the exact expression for focal distance g is given by:
g = [1+SF{wNa}if, {3)

where the sensor size S and the focal length fare used. Typically, the value of the focal
distance g is very sensitive, so using the empinically determined ratio R may not provide

sufficiently accurate resulls for the focal distance.

[0034] FIGS. 8A-8C depict a flow diagram illustrating an sexample process 800 for
finding a range distance to a target and/or an autofocus distance for the target imaging
system. The process starts at block 801, and at block 833, the imaging system caplures

an image of the target.

[0035] Next, at block 805, the computing system calculates a discrete Fourier
transform magnitude of an image of a target that is periodic or quasi-pericdic. The

computing system uses a pre-gstablished value N for computing the DFT.

[0036] Then at block 810, the computing system determines the locations of one or
more peak points in a half-plane of the magnitude DFT, where the peak points each have
a peak value refative to surrounding values. When the origin of the magnitude DFT is
blocked, the peak points are global maxima. The peak points in the other half-plane are
reflactions through the origin of the peak points in the first half-plane. Next, at block 815,
the computing system determines the distance between the origin in the frequency domain
and each peak point.

[0037] Then at block 817, the computing system recovers data from the image of the
target and reports the payload, if one is present. If payload data is present, it can have
two parts. There can be a general payload which can be any kind of useful data, such as
a link. Alternatively or additionally, the payload can include target constants specifically

intended for the range finder.

[0038] At decision block 820, a decision is made by the computing system as fo

whether the target constants, the print resolution P and the fundamental spatial resolution

O
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w, are embedded as data in the target as a payload. In some cases, the computing
system can be provided the target constanis so that there is no need to obtain the
information from the target. In some cases, the computing system may be directed fo
decode the target from the captured image to acquire the farget constanis.

[0038] If the target constants are not embedded in the target {block 820 — Noj, at
block 830, the computing system receives the target constants. The target constants can
be received from a user or other system, for example, the target constants may be in &
data file associated with the target. The process continues to decision block 835, [f the
target constanis are embedded in the target (block 820 - Yes), the process continues
directly to decision block 835.

[0040] At decision block 835, the computing system determines whether an aufofocus
calculation should be performed. If an autofocus calcuiation is not to be performed (block
835 — No, range), the system will perform a range calculation, and at decision block 837,
the computing system determines whether the camera system constants, sensor size S
and focal length f, are available. If the camera system constants are available {block 837
-~ Yes), at block 860, the computing system receives the camera system constants. in
some implementations, a pre-established library of imaging system constants for mobile
device imaging systems can be stored. Then at block 860, the computing system can
retrieve the appropriate constants for the particular imaging system for which the range

distance is to be determined.

[6041] Then at block 865, the computing system determines the exact range distance
using equation {1) given above and the peak distances determined at block 815, Next, at
block 870, the computing system provides the calculated range distance as an output, for
example, the range distance can be caused to be displayed, or can be sent as a report 1o

another device.

[0042] At decision block 872, the computing system determines whether the process
should be continued. The range and autofocus distance determination process can be run
in a continuous loop as the camera system moves. If the process should be continued
{block 872 —~ Yes}, the process returns to start block 801. i the process should not be
continued (block 872 — No), the process ends at block 898.

~10-
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[0043] Returning to decision block 837, if the camera constanis are not known (block
837 ~ No), at block 840, the computing system receives an empirically determined ratio R
using a sample target-to-imaging-tens distance {o farget span. Then at block 845, the
computing system determines the approximate range distance using equation (2) given
above and the peak distances determined at block 815, And at block 850, the computing
system provides the approximate range distance as an oulpuf, for example, the
approximate range distance can be caused to be displayed, or can be sent as a report to
another device. The process continues to decision block 872.

[06044] Returning to decision block 835, f an autofocus calculation is {o be performed
{block 835 -~ Yes, autofocus), at block 880, the computing system receives the imaging
constants, S and f. In some cases, a pre-established library of imaging system constants
for mobile device cameras or smariphones can be siored. Then al block 880, the
computing system can retrieve the appropriate constanis for the particular imaging system
to be autofocused. Then at block 885, the computing system uses equation (3) given
above and the peak distances determined at block 815 to determineg the exact autofocus
distance.

[0045] Next, at block 894, the computing system adjusts the autofocus distance by
either maoving the position of the lens or lenses in the camera system and/or the position of

the sensor, and the process proceeds to decision block 896.

[00486] Then at decision block 896, the computing system determines whether a
range calculation should be performed. If a range calculation should be performed (block
896 ~ Yes), the process retums {o decision block 837, If a range calculation does not
need to be performed (block 896 ~ Noj, at decision block 897, the computing system
determines whether the process should continue. If the process should continue {biock
897 - Yes), the process returns to stard block 801, i the process should not continue
{block 897- Noj, the process ends at block 899,

[0047] When the target includes embedded data, such as with a stegatone or grid
code, the smartphone or other system having an imaging system and a processor can
perform data recovery in addition to finding the range distance andfor the aulofocus
distance.

REW
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CLAIMS

What is claimed is:

1. A method comprising:

determining one or more peak points in a half-plane of a discrete Fourier
fransform magnitude of an image of a target, wherein the peak points
gach have a peak value relative to surrounding values, and further
wherein the target is periodic or quasi-periodic, and further wherein a
lens images the target on a sensor that captures the image;

based on a peak distance belwesen an origin point in the frequency domain
and each of the determined peak points, determining a range distance
between the target and the lens; and

providing the range distance as a first output.

2. The method of claim 1, further comprising:
recovering data from the image, wherein the recovered data includes a print
resolution of the target and a fundamental spatial resolution of the
target; and
receiving a sensor size and a focal length of the lens,
wherein the range distance is further based on the print resolution, the
fundamental spatial resolution, the sensor size, and the focal length.

3. The method of claim 1, further comprising:
obtaining data from the image, wherein the oblained data includes a print
resolution of the target and a fundamental spatial resclution of the

target; and

4%
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receiving an empirically measured ratio of a lens-fo-targst distance and a
target extent, wherein the measured ratio is for a sample lens-to-target
distance within an operating range of a system comprising the lens and
the sensor,

wherein the range distance is further based on the print resolution, the

fundamental spatial resolution, and the ratio.

The method of claim 1, further comprising:

receiving vatues for a print resolution of the target, a fundamental spatial
resolution of the target, a sensor size, and a focal length of the lens,

wherein the range distance is further based on the print resolution, the

fundamental spatial resclution, the sensor size, and the focal length.

The method of claim 1, further comprising:

receiving values for a print resolution of the target and a fundamental spatial
resolution of the target; and

receiving an empirically measured ratio of a lens-to-target distance and a
targst extent, wherein the measured ratio is for a sample lens-to-target
distance within an operating range of a system comprising the lens and
the sensaor,

wherein the range distance is further based on the print resolution, the
fundamental spatial resolution, and the ratio, and

further wherein the range distance is an approximation.

The method of claim 1, further comprising:

based on the peak distance of each of the determined peak points,
determining an autofocus distance bebween the lens and the sensor;
and

providing the autofocus distance as a second output, or adjusting a distance

between the lens and the sensor 1o the autofocus distance.

-4~
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7. The method of claim 8, further comprising:
obtaining data from the image, wherein the obtained data includes a print
resolution of the target and a fundamental spatial resclution of the
{arget; and
receiving a sensor size and a focal length of the lens,
wherein the autofocus distance is further based on the print resolution, the

fundamental spatial resolution, the sensor size, and the focal length.

8. The method of claim &, further comprising:
receiving values for a print resolution of the target, a fundamental spatial
resotution of the target, a sensor size, and a focal length of the lens,
wherein the autofocus distance is further based on the print resclution, the

fundamental spatial resolution, the sensor size, and the focal length.

9. A systerm comprising:
a lens to image a targst on a sensor, wherein the target is periodic or quasi-
periodic;
the sensor o capture an image of the farget;
a processor 1o
identify one or more peak poinis in a half-plane of a discrete Fourier
transform magnitude of the image, wherein gach of the psak
points have a greater value relative o neighboring values;
based on a peak distance between an origin point in the frequency
domain and each of the peak points, determine an autofocus
distance between the lens and the sensor; and
based on the autofocus distance, adjust a distance between the lens

and the sensor to autofocus the system.

10. The system of claim 9, wherein the processor is further to:

5.



11.

12.

13.
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abtain information from the image, wherein the obtained information includes a
print resolution of the target and a fundamental spatial resolution of the
target; and

receive a sensor size and a focal length of the lens,

whersin the autofocus distance is further based on the print resclution, the

fundamental spatial resolution, the sensor size, and the focal length.

The sysiem of claim 8, wherein the processor is further to:

receive values for a print resolulion of the farget, a fundamental spatal
resolution of the farget, a sensor size, and a focal length of the lens,

wherein the autofocus distance is further based on the print resclution, the

fundamental spatial resclution, the sensor size, and the focal length.

The system of claim 9, wherein the processor is further to:
hased on the peak distance for each of the determined peak points, determine
a range distance between the targst and the lens; and prowide the

range distance as an output.

The system of claim 9, wherein the processor is further to:

obtain information from the image, wherein the obtained information includes a
print resolution of the farget and a fundamental spatial resolution of the
target; and

receive a sensor size and a focal length of the lens, or receive an empirically
measurad ratio of a lens-to-target distance and a target extent, wherein
the measured ratio is for a sample lens-lo-fargel distance within an
operating range of the system,

wherein the range distance is further based on the print resciution, and the
fundamental spatial resolution, and

wherein the range distance is further based on the sensor size and the focal

fength of the lens, or the empirically measured ratio.
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14, The system of claim @, wherein the processor is further to:

receive values for a print resolution of the target, and a fundamental spatial
resolution of the target;

receive values for a sensor size and a focal length of the lens, or receive an
empincally measured ratio of a lens-fo-target distance and a target
extent, wherein the measured ratio is for a sample lens-to-target
distance within an operating range of the system,

wherein the range distance is further based on the pnnt resolution, and the
fundamental spatial resolution, and

wharein the range distance s further based on the sensor size and the focal
fength of the lens, or the empirically measured ratio.

15. A systerm comprising:
a memaory to store values for a size of a sensor and a focal length of 3 lens for
a plurality of camera systems;
a processor to:
locate one or more maximum poinds in a half-plane of a discrete Fourier
transform magnitude of an image of a target, wherein the
maximum points each have a magniude above a threshold in a
focal neighborhood, and wherein the target is periodic or quasi-
periadic, and further wherein a given lens images the targeton a
given Sensor in a given camera system;
calculate a peak distance between an origin point in the frequency
domain and each of the maximum points;
refrieve from the memory the size of the given sensor, and the focal
length of the given lens for the given camera system;
based on the peak distances, the size of the given sensor, and the focal
fength of the given lens, determine a range distance between the
target and the given lens, and an autofocus distance between
the given lens and the given sensor;
provide the range distance as a first output; and
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provide the autofocus distance a second output, or autofocus the given

camera system.
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