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USING AN OPTICAL INTERFACE BETWEEN A DEVICE UNDER TEST AND A
TEST APPARATUS

Related Application

This application claims priority to U.S. Patent Application 15/066,762, entitled
“USING AN OPTICAL INTERFACE BETWEEN A DEVICE UNDER TEST AND A
TEST APPARATUS,” filed March 10, 2016.

Field

Embodiments of the present disclosure generally relate to the field of device
testing, and more particularly, to testing a device using an optical interface between a
device under test and a test apparatus.

Background

Today’s computing devices may be equipped with different systems, processes,
and applications, which may need testing and debugging at a device production stage or
during the device lifetime, in order to develop and maintain intelligent platforms.
However, dedicated test features (e.g., special test ports compatible with testing
equipment, etc.) may not always be available on a conventional computing device.
Further, as computing devices (e.g., mobile devices) become smaller in form factor, it
becomes more difficult to find sufficient “real estate” to mount conventional connectors
on a device, to enable wired or optical connection between the device and test equipment.
In some instances, wireless connections may substitute wired connections for device
testing and debugging. However, using wireless connections for device testing may cause
some problems typically associated with wireless connectivity, such as privacy and
environmental issues.

Brief Description of the Drawings

Embodiments will be readily understood by the following detailed description in
conjunction with the accompanying drawings. To facilitate this description, like reference
numerals designate like structural elements. Embodiments are illustrated by way of
example and not by way of limitation in the figures of the accompanying drawings.

FIG. 1 is a block diagram illustrating an example system for device testing using
an optical interface, in accordance with some embodiments.

FIG. 2 is an example process flow diagram for device testing using an optical
interface, in accordance with some embodiments.

FIG. 3 is an example process flow diagram for synchronizing a device under test
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with a test apparatus, in accordance with some embodiments.

FIG. 4 is an example graphical representation of test data that may be rendered on
a display screen of a device under test, in accordance with some embodiments.

FIG. 5 is an example process flow diagram for providing an optical interface
between a device under test and a test apparatus, in accordance with some embodiments.

FIG. 6 illustrates an example computing device suitable for use to practice aspects
of the present disclosure, in accordance with some embodiments.

Detailed Description

Embodiments of the present disclosure include a method and apparatus for device
testing via an optical interface. In one instance, the apparatus may comprise the apparatus
may comprise a test controller to operate a camera to generate an image to capture test
data displayed on a screen of a device under test. The test controller may be configured to
extract the test data from the image, analyze the test data, and generate feedback
information for the device under test, based at least in part on a result of the analysis of the
test data. The camera may be included in the apparatus and communicatively coupled
with the test controller. It should be noted that the example embodiments of the present
disclosure are described in regard to device testing. However, other possible uses of the
described embodiments may be contemplated, such as, for example, using optical
interfaces to interrogate and control the states of a device, including an Internet of Things
(IoT) device.

In the following detailed description, reference is made to the accompanying
drawings that form a part hereof, wherein like numerals designate like parts throughout,
and in which are shown by way of illustration embodiments in which the subject matter of
the present disclosure may be practiced. It is to be understood that other embodiments
may be utilized and structural or logical changes may be made without departing from the
scope of the present disclosure. Therefore, the following detailed description is not to be
taken in a limiting sense, and the scope of embodiments is defined by the appended claims
and their equivalents.

For the purposes of the present disclosure, the phrase “A and/or B” means (A), (B),
(A) or (B), or (A and B). For the purposes of the present disclosure, the phrase “A, B,
and/or C” means (A), (B), (C), (A and B), (A and C), (B and C), or (A, B, and C).

The description may use perspective-based descriptions such as top/bottom, in/out,
over/under, and the like. Such descriptions are merely used to facilitate the discussion and

are not intended to restrict the application of embodiments described herein to any
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particular orientation.

The description may use the phrases “in an embodiment,” or “in embodiments,”
which may each refer to one or more of the same or different embodiments. Furthermore,
the terms “comprising,” “including,” “having,” and the like, as used with respect to
embodiments of the present disclosure, are synonymous.

The term “coupled with,” along with its derivatives, may be used herein.
“Coupled” may mean one or more of the following. “Coupled” may mean that two or
more elements are in direct physical, electrical, or optical contact. However, “coupled”
may also mean that two or more elements indirectly contact each other, but yet still
cooperate or interact with each other, and may mean that one or more other elements are
coupled or connected between the elements that are said to be coupled with each other.

FIG. 1 is a block diagram illustrating an example system for device testing using
an optical interface, in accordance with some embodiments. The example system 100 may
include a target system (TS, or device under test) 102 and a debug test system (DTS, or
test apparatus for device testing) 142.

In embodiments, the device 102 may comprise a computing device, such as, for
example, a mobile device (e.g., a tablet computer, a smartphone, a 2-in-1 computing
device, an Internet of Things (IoT) device, and the like), and may include a system on chip
(SoC) or other device components to be tested. As will be described below, the apparatus
142 may perform unidirectional testing of the device 102 using at least one optical
interface 180. In some embodiments the test apparatus 142 may perform bidirectional
testing of the device 102 using optical interface 180 and another optical interface 182
configured to provide test feedback to the device 102. For the illustrated embodiments of
FIG. 1 (and remainder of the description), for ease of understanding, optical interfaces 180
and 182 are illustrated (and may be described) as direct optical interfaces between device
102 and apparatus 142. However, the present disclosure is not so limited. In alternate
embodiments, optical interfaces 180 and 182 may be indirect optical interfaces through
one or more reflective surfaces, e.g., mirrors or direct optical link interfaces, such as fiber.

In embodiments, the device 102 may include a test data provision controller 104,
The test data provision controller 104 may include a processor 132 and memory 134
having instructions that, when executed on the processor 132, may cause the processor 132
to perform test data provision and control, in accordance with some embodiments
described herein. More specifically, the test data provision controller 104 may include a

trace source block 108 configured to provide test data, such as traces described below in
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detail. The test data provision controller 104 may further include a run-control block 106
configured to control execution of instructions on the processor 132 and manipulation of
memory 134 content. For example, run-control block 106 may control a speed and
manner of instructions execution, such as stop execution, cause execution to be performed
in a single step, cause execution to commence, and so forth. Run-control block 106 may
further control memory 134 registers and content, for example, for configuration and
update of the trace source block 108. The run-control block 106 and trace source block
108 may be implemented as hardware, software, or a combination thereof.

The device 102 may further include a merge block 110 coupled with the run-
control block 106 and trace source block 108, a display buffer 112 coupled with the merge
block 110, and display device 114. The run-control block 106 may provide run-control
output, and trace source block 108 may provide traces to the merge block 110, to merge
the test data together. The merged output data stream, including trace and run-control,
may be put into the display buffer 112 in order to appear on a screen of the display device
114. The test data provision controller 104 may include a data conversion block 118 (e.g.,
image processing unit (IPU) that may be configured to encode the test data to an image
pattern (e.g., graphical or textual representation) displayable on the screen 114. In
embodiments, the data conversion block 118 may be implemented on a central processing
unit (CPU) or graphical processing unit (GPU) (e.g., processor 132). For example, the
processor 132 may read the data from the memory 134, translate the data into an image
pattern and write the pattern to the display buffer 112 for the display output. In some
embodiments, the data conversion block 118 may comprise a dedicated hardware (e.g.,
direct memory access (DMA)). In some embodiments, the data conversion block 118 may
be integrated into the display engine (not shown). In general, the data conversion block
118 may be implemented as software, hardware, or a combination thereof.

The device 102 may further include an image capture device (e.g., camera) 116
configured to capture a test feedback to be provided by the apparatus for device testing
142, as will be described below in greater detail. The camera 116 may comprise an image
capturing device configured to generate photo, video, scanned, or other types of images.
The device 102 may include other components (not shown) necessary for the functioning
of the device 102. These components may include a power supply block and
communications interface(s) to enable the device 102 to communicate over one or more
wired or wireless network(s) and/or with any other suitable device (e.g., external device

160). The device 102 may include other components that are not described herein for ease

-4 -



10

15

20

25

30

WO 2017/155636 PCT/US2017/016012

of understanding.

The apparatus for device testing 142 may include a camera 146 to generate an
image to capture test data displayed on a screen of the device 102. The camera 146 may
comprise an image capturing device configured to generate photo, video, scanned, or other
types of images. The apparatus 142 may further include a test controller 150 coupled with
the camera 146, to extract the test data from the image, analyze the test data, and
generate feedback information for the device 102, based at least in part on a result of the
analysis of the test data. The apparatus for device testing 142 may include a display
device 148 coupled with the test controller 150, to display the feedback information, to be
captured by a camera of the device under test.

The test controller 150 may include a processor 152 and memory 154 having
instructions that, when executed on the processor 152 (e.g., comprising an image
processing unit (IPU)), may cause the processor 152 to perform test data extraction and
conversion and to analyze the test data, in accordance with some embodiments described
herein. More specifically, the test controller 150 may include a data conversion block 156
configured to extract data from its graphical, visual, or textual representation provided in
the image generated by the camera 146 into readable data flow (and vice versa). In some
embodiments, the data conversion block 156 may comprise an IPU. The test controller
150 may further include analysis block 158 coupled with the data conversion block 156
and configured to analyze converted test data and generate feedback information, to be
provided to the device under test 102. For example, the analysis block 158 may compare
the test data to known patterns or visualize the test data content to provide for display on
the screen of the test apparatus 142. In embodiments, the test controller 150 may fully
process (e.g., convert and analyze) the images received from device under test 102 or may
provide the images or decoded test data to a remote host (e.g., external device 160) for
further processing.

Based on the analysis of the test data, the test controller 150 (e.g., analysis block
158) may generate feedback information for the device 102. For example, the test
controller 150 may generate device under test configuration data, such as to indicate the
subsystems of device 102 that may be activated, which traces may be activated and the
like. In another example, the test controller 150 may provide configuration of the optical
components of the device 102, such as how many pixels to use per bit on the display
device 114, refresh rate, etc. In still another example, the test controller 150 may generate

input data (e.g., run-control data) to the run-control block 106 of the device 102. The
-5-
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conversion block 156 may encode the feedback information into a displayable format
(e.g., graphical or textual representation) and provide the encoded feedback information to
be displayed on a screen of the display device 148, to be captured by the camera 116 of the
device 102. The data conversion block 108 of the device 102 may extract the feedback
information from an image generated by camera 116, analyze the feedback information,
and route the feedback information to the run-control block 106, for test data adjustment.
In some embodiments, the device 102 and the test apparatus 142 may be physically
coupled with a holding feature 184, to enable alignment of the device 102 and the test
apparatus 142, described below in reference to FIG. 5.

FIG. 2 is an example process flow diagram for device testing using an optical
interface, in accordance with some embodiments. The process 200 may comport with
embodiments described in reference to FIG. 1. In alternate embodiments, the process 200
may be practiced with more or fewer operations, or a different order of the operations.

The process 200 for testing of a device under test (e.g., device 102) by a test
apparatus (e.g., 142) using optical interface between the device and test apparatus may
begin at block 202 and include generating an image to capture test data provided on a
display screen of a device under test. For example, the camera 146 of the test apparatus
142 may capture a series of frames provided on the screen of the display device 114 of the
device under test 102. Each frame may contain a representation of a set of test data. As
noted above, the test data may be rendered on the screen of the display device 114 in a
variety of forms, such as in graphical representation or textual representation, for example.

The test data may provide information associated with one or more components of
the device to be tested. In general, the test data may include error information, to be
provided to the test apparatus. As noted above, test data generated by the test data
provision controller 104 of the device under test 102 may include different types of traces
related to various functionalities of the device 102. Trace data may include text (e.g., in
ASCII format) or a compressed or uncompressed binary stream of trace data (e.g., a
binary number sent on behalf of a larger textual expression). In embodiments, the test data
may be generated by the test data provision controller 104 of the device under test 102 in
accordance with a System Trace Protocol (STP) or Trace Wrapper Protocol (TWP) or
Narrow Interface for Debug and Test (NIDnT) of a MIPI® Specification. The traces
generated according to MIPI® Specification may include software or hardware
instrumentation traces.

Software instrumentation traces may comprise message output from instrumented
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application code. For example, software instrumentation traces may include action logs,
error information, warnings, and the like, which may occur in the device under test. These
traces may be time stamped in the device under test, and, when delivered to a test
apparatus, may provide information about possible errors and their order. The software
instrumentation traces may further include different variables, such as field strength, cell
information, etc., over time. The software instrumentation traces may further include data
that may be inserted by a developer on the device under test side to check that functions of
a particular application may be executed as planned.

Hardware instrumentation traces may comprise messages triggered by transactions
and events on the SoC infrastructure and other hardware modules of the device under test.
Hardware instrumentation traces may provide information on states of the system and its
components, which may be reconstructed on the test apparatus side to identify design or
process issues in the SoC or the device under test platform.

Traces may further include processor traces, which may comprise highly
compressed streams of data, representing instructions and/or instruction flow and/or data
and/or data flow that may be executed on the processor. The test apparatus
may decompress and generate an instruction flow with timing information, to identify
code executed on the device under test processor and the timing of execution, and conduct
further analysis of the data. The processor traces may be used to check correctness of
instructions executed on the device under test processor, or check execution performance.
For example, some real-time functions may be executed in given time intervals. Based on
a processor trace, the test apparatus may identify those intervals and upon violating timing
generate an error message or warning. The test apparatus may also reconfigure the device
under test differently to find the root cause of the timing error.

At block 204, the process 200 may include extracting and analyzing the test data
from the generated image. The extraction (e.g., decoding) of the test data out of the image
may vary, depending on a type of the test data representation on the screen of the device
under test. Some examples of encoding the test data on the TS side and decoding the data
on the DTS side are described below in reference to FIGS. 3-4. Analysis of the extracted
test data may include, for example, determining whether the test data includes error
messages or whether the test data deviates from a predefined data flow that may be
accessible by the test apparatus. A deviation from the flow may be identified as an error.

At block 206, the process 200 may include generating feedback information for the

device under test, based at least in part on a result of the extracting and analyzing the test
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data. The feedback information (e.g., control data) may be provided via a screen of the
display device 148 to the device under test, to be captured by camera 116. The captured
control data may be decoded (e.g., by data conversion block 118) and interpreted by the
test data provision controller 104 for further provision of test data. For example, the test
apparatus may recognize the error in the test data and cause the device under test (e.g., via
the feedback loop described below) to alter its behavior in order to fix the issue or do an
execution rerun to get more data to find the root cause of the failure.

In some embodiments, for example, in a non-controlled environment, it may be
desirable to have user interaction with the device 102 concurrently with the testing of the
device 102. In such instances, only a certain portion, or area, of the display device 114
screen of the device 102 may be used for testing, while a remainder of the screen may be
used for user interaction. In these instances, the test controller 150 of the test apparatus
142 may be configured to determine an area on the screen of the device under test 102 in
which the test data (e.g., in graphical or textual representation) may be displayed. To
conduct such determination, the device under test 102 may be synchronized with the test
apparatus 142.

FIG. 3 is an example process flow diagram for synchronizing a device under test
with a test apparatus, in accordance with some embodiments. For ease of understanding,
the like components of FIGS. 1 and 3 are numbered with like numerals.

On the TS side, the test data provision controller 104 of the device under test 102
may generate and render for display on the display device 114 screen a graphical
representation 302 of a particular data set, such as a quick response (QR) code, in order to
synch up with the test apparatus (DTS) 142. The graphical representation 302 of a QR
code may be displayed in black and white and may allow for calibration of brightness
levels of the display device 114. The QR code graphical representation 302 may occupy a
display screen trace output area, such as full screen or a partial screen, such as an area 306
of the screen of the display device 114, as shown. The QR code may include, for example,
a secure pass-key or information on the traces enabled on the device 102, to ensure the
optical interface 180 between device 102 and test apparatus 142 may be established. After
the device 102 displays the graphical representation 302 of the QR code, the device 102
may wait for the response from the test apparatus 142. The response may include a key
generated by the test apparatus 142 and provided via the optical interface 182, in response
to a receipt of the QR code (similar to a Pretty Good Privacy (PGP) encryption

mechanism). Based on the response (e.g., checking the key for correctness), the device
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102 may commence the trace generation and rendering for display on the display device
114, to be received and processed by the test apparatus 142.

On the DTS side, the test apparatus 142 may focus the camera 146 on the graphical
representation 302 of the QR code displayed on the screen of the display device 114, and
generate an image of the QR code. The test apparatus may extract and decode the QR code
from the image and generate a key corresponding to the QR code. For example, as shown
in FIG. 3, QR code DEF343 may correspond to key 55667788. The test apparatus 142
may render a graphical representation 304 of the key on the screen of the display device
148, to be received, via the optical interface 182, by the camera 116, and further processed
by the device 102 as described above.

In some embodiments, the process described in reference to FIG. 3 may be further
performed to calibrate (e.g., determine the acceptable size of) the area 306 of the display
device 114 screen. For example, the test apparatus 142 may manipulate the dimensions of
the area 306, and at each change, determine a failure rate of an extraction of a QR code
from the image generated by the camera 146; and adjust a size and/or resolution of the
area 306 based on the determined failure rate. For example, the failure rate may reach or
exceed a determined threshold; a corresponding size of the area 306 may be a minimal
acceptable size to fit a graphical representation of test data and conduct testing of the
device 102. In another example, the TS may start with low screen resolution and increase
the resolution until the DTS may no longer recognize the pixel (or strips/ lines on a
display) from each other. The TS may revert to the previous resolution value to ensure
robust communication. This process of may be used with the loop-back (feedback)
mechanism described herein.

Graphical representation of test data may be defined, at least in part, by the
characteristics of a display device of the device under test. For example, today’s mobile
computing device may provide a display screen with a 2K resolution (e.g., 1920%1080
pixel) and an extensive color space (e.g. three colors per eight bit) at about 30 to 60 Hz
refresh rate. Accordingly, a transfer rate of displayed test data of about 355 MByte/s may
be achieved. More specifically, instead of or in addition to showing a home screen or
application data, the display device 114 may be used to carry trace data
comprising encoded platform system state information. For example, the three color
pixels may represent three bits each (three brightness levels) of test data. Following the
example above, test data to be transmitted via the optical interface (e.g., 180) may reach

about 1920 x 1080 x 3 pixel x 3 values x 30 Hz, which results in about 22 MB/s. If
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concurrent user interaction while exporting test data traffic via the display is desired, only
parts of the display screen may be used, utilizing space separation techniques.
Alternatively, the test data may be inserted, for example, into every tenth frame to be
rendered on the screen of the display device 114, thus keeping the main application on the
remaining frames to keep the device 102 operational for the user.

A particular data standard application may define how test data may be converted
from the binary stream into the optical space. For example, a MIPI® STP v 2.2 data
stream may be as follows: FF FF FF FF FF FF FF FF FF FF OF OF BO 10 13 F2 78 F7 FO
42 12 08. The MIPI STP data may be interpreted as a 4-bit RGB scheme or may be
combined into other sizes and interpreted as respective color values. In the MIPI®
standard environment, a MIPI® STP ASYNC message may be added at the start of an
optical frame to ease alignment to the MIPI® STP decoder in the test apparatus. This
scheme may also be used to identify display orientation. In case of uncalibrated
equipment, either a well-defined QR code or a standard-defined (e.g., MIPI®-defined) test
pattern may be used for calibration of the test apparatus. The MIPI® STP v 2.2 Data
Integrity Protection (DIP) may help to ensure the data is correctly received on the test
apparatus. For example, the STP ASYNC repeat rate may be aligned with the frame size,
e.g., at the start of a new frame the checksum of the previous frame may be provided. In
general, any trace protocol may be used for the embodiments described herein. The
above-mentioned protocols provide but an example of application of embodiments
described herein.

FIG. 4 is an example graphical representation of test data that may be rendered on
a display screen of a device under test, in accordance with some embodiments. The test
data (e.g., one or more traces) may be encoded and rendered on the screen of the display
device 114 of the device under test 102 as a reduced density trace picture 402. The
graphical representation 402 shown in FIG. 4 may include 50 x 50 information points.
Each information point may include several pixels in width, to cope with the environment
characteristics, such as, for example, distance between camera and display, equipment
quality, ambient light, and/or environmental influence such as smoke, dust, different
liquids, etc.

In operation, a device under test may collect data in the frame buffer (e.g., display
buffer 112) and render the test data in the graphical representation 402 on the display
device 114 visible to the test apparatus for capturing via optical interface. After a given

time interval (e.g., display refresh rate), the frame buffer may be flushed and reloaded with
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test data, which then again may be rendered on the display device 114, visible to the test
apparatus.

In some embodiments, the test data may be displayed on the display device 114 in
textual form and may be captured and translated by the test apparatus, for example, by
scanning and converting using optical character recognition (OCR) techniques. Textual
representation of the test data may be less efficient than graphical representation described
above, from information density per image standpoint.

The advantages of the described embodiments may be described as follows. The
described embodiments may be easy to implement in a conventional controlled
environment. Specifically, no additional hardware solutions may be needed for the
described embodiments. The trace infrastructure may overwrite all or parts of the frame
buffer. For example, an existing frame buffer may be used as temporary storage for
image data, and no additional memory may be needed to temporarily store the data
without the need to have any additional synchronization or data copy methods. Further, a
device display may be in use for other purposes during testing, so the testing techniques
described herein may contribute negligently very to overall power consumption of the
device. Also, the described embodiments may provide for scalable, flexible, and
adjustable testing of a mobile computing device. For example, a full or partial display
screen may be used for device testing. Alternatively, time division may be implemented
to allow for testing concurrently with device use. Screen resolution may be adjusted to
cope with the environmental challenges, such as ambient light, obstacles, and the like.

Further, the described embodiments may provide for use of an optical interface for
device testing, which may ensure maintenance of secure and private communication
between the device under test and test apparatus. Specifically, the optical interface may
provide for a clear link between sender and receiver of the test and other types of data.
Further, the described embodiments may provide for safe and robust communications,
may cause no radio frequency (RF) issues in the absence of RF connection, and may
provide for galvanic separation and absence of physical touch points between the device
under test and test apparatus.

To enable testing described in reference to FIGS. 1-4, an optical interface between
the device under test and test apparatus may be established. With reference to FIG. 1, the
optical interface 180 between the display device 114 of the device under test 102 and
camera 146 of the test apparatus 142 may be established, to enable unidirectional testing

of the device 102. Further, the optical interface 182 between the display device 148 of the
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test apparatus 142 and the camera 116 of the device under test 102 may be established, to
enable bidirectional, feedback-enabled testing of the device 102.

FIG. 5 is an example process flow diagram for providing an optical interface
between a device under test and a test apparatus, in accordance with some embodiments.

The process 500 may begin at block 502 and include aligning a test apparatus (e.g.,
142) with a device under test (e.g., 102), to establish a first optical interface (e.g., 180).
Aligning the test apparatus 142 with the device under test 102 may include disposing the
test apparatus 142 or device under test 102 so as to provide a direct sightline between a
screen of the display device 114 of the device under test 102 and the camera 146 of the
test apparatus 142.

At block 504, the process 500 may include further aligning the test apparatus 142
with the device under test 102, to establish a second optical interface 182 between a
display screen (e.g., 148) of the test apparatus and a camera (e.g., 116) of the device under
test, to enable feedback optical connection between the test apparatus 142 and the device
under test 102. Alignment of the test apparatus 142 with the device under test 102 may
include disposing the test apparatus 142 or device under test 102 so as to provide a direct
sightline between the camera 116 of the device under test 102 and a screen of the display
device 114 of the test apparatus 142.

Alignment of the device under test 102 and the test apparatus 142 may include
physical (e.g., mechanical) alignment, optical alignment, or a combination thereof. For
example, in a controlled environment, such as production and laboratory test environment,
a test rig may be set up to align the optical components (i.e., respective display device(s)
and camera(s)) mechanically. The test rig may include a fixed camera display setup for
the test apparatus 142. With reference to FIG. 1, the device under test 102 may be placed
in a pre-formed holding feature 184 physically coupled with or embedded into the test
apparatus 142 so that the physical alignment is fixed and predetermined. Because the
mechanical alignment of the device 102 and test apparatus 142 may be predetermined
(e.g., depending on a type, dimensions, and other parameters of the device 102), no
additional and time consuming optical alignment may be required to perform testing of the
device 102.

In a non-controlled environment (e.g., during a conventional use of the device
102), optical alignment between the respective cameras and display devices of the device
102 and test apparatus 142 may be performed. The optical alignment may be performed

using shared, predetermined patterns embedded in the image and rendered on a display
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screen of the device 102. The camera of the test apparatus may align the captured image
via software-based implementation, for example. The camera 146 and test controller 150
of the test apparatus 142 may focus on the pattern with a predefined geometrical

shape, identify the pattern, and estimate the size and angular displacement of the image.
The predefined geometrical shape may comprise, for example, three or more predefined
dots rendered in the image. When the geometrical shape is in focus and the corresponding
size and angle are known, the test controller 150 may correct the scaling and rotation via
generic 2D image operations. In some embodiments, mechanical alignment of the device
under test 102 and test apparatus 142 may be combined with optical alignment between a
respective camera and a display screen.

FIG. 6 illustrates an example computing device 600, which may include various
components described in reference to FIGS. 1-5. In some embodiments, the example
computing device 600 may comprise the device under test 102 of FIG. 1. In some
embodiments, the example computing device 600 may comprise the test apparatus 142 of
FIG. 1. The following description of device 600 components is provided by way of
example and is not limiting to this disclosure.

The computing device 600 may house a board such as motherboard 602, e.g., in
housing 608. The motherboard 602 may include a number of components, including but
not limited to processor 604. The processor 604 (e.g., processor 132 of device 102 or
processor 152 of test apparatus 142), which may be any one of a number of known single
or multicore processors known in the art, may be physically and electrically coupled to the
motherboard 602.

In some implementations, the computing device 600 may include at least one
communication chip 606, which may also be physically and electrically coupled to the
motherboard 602. In other implementations, the communication chip 606 may be part of
the processor 604. The communication chip 606 may enable wireless communications for
the transfer of data to and from the computing device 600. The communication chip 606
may implement any of a number of wireless or wired standards or protocols. In some
embodiments, the computing device 600 may include a plurality of communication chips
606, some of which may be dedicated to wireless communications such as Wireless
Gigabit Alliance (WiGig), Wi-Fi, Bluetooth®, Global Positioning System (GPS),
Enhanced Data Rates for GSM Evolution (EDGE), General Packet Radio Service (GPRS),
Code Division Multiple Access (CDMA), Worldwide Interoperability for Microwave
Access (WIMAX), Long Term Evolution (LTE), Evolution-Data Optimized (EV-DO) or
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the like, or wired communications such as Unified Serial Bus (USB) compliant, Secure
Digital (SD) compliant, Peripheral Component Interconnect Express (PCle) compliant,
Thunderbolt® compliant, or compliant with some other communication and/or charging
configuration.

Depending on its applications, device 600 may include other components that may
or may not be physically and electrically coupled to the motherboard 602 and may be
embedded with or physically and/or electrically coupled with the device 600. These other
components may include, but are not limited to, volatile memory (e.g., dynamic random
access memory (DRAM) 614), non-volatile memory (e.g., read only memory (ROM)
618), flash memory, random access memory (RAM) 616, a graphics processor 626, a
digital signal processor, a crypto processor, a chipset 612, an antenna 650, a display 636
(e.g., 114 or 148 of the device 102 or test apparatus 142, respectively), a touchscreen
controller 628, a battery/charging system 644, an audio codec, a video codec, a power
amplifier 624, a GPS device 620, a compass 622, a plurality of sensors 642, a speaker 654,
a camera 610 (e.g., 116 or 148 of the device 102 or test apparatus 142 respectively), a
mass storage device (such as a solid-state hard drive), controllers 656, microphone 619, a
keyboard 657, a touchpad 658, ports 646, and so forth.

In some embodiments, controllers 656 of device 600 may include a test data
provision controller 104 of device 102 configured as described in reference to FIG. 1. In
some embodiments, controllers 656 of device 600 may include a test controller 150 of test
apparatus 142 configured as described in reference to FIG. 1. A number of
other components may also be embedded with or coupled with the device 600, and not all
of these components are illustrated in FIG 6. For example, device 600 may include the
holding feature 184 described in reference to FIGS. 1 and 5.

Example 1 may be an apparatus for device testing, comprising: a test controller to
operate a camera to generate an image to capture test data displayed on a screen of a
device under test, wherein the test controller is to extract the test data from the image,
analyze the test data, and generate feedback information for the device under test, based at
least in part on a result of the analysis of the test data.

Example 2 may include the subject matter of Example 1, wherein the displayed test
data comprises a graphical, visual, or textual representation of test information generated
by the device under test.

Example 3 may include the subject matter of Example 1, wherein the test data

includes run-control information associated with one or more components of the device
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under test.

Example 4 may include the subject matter of Example 3, wherein the test data
further includes one or more traces generated in accordance with a trace protocol, wherein
the trace protocol is one of a System Trace Protocol (STP) or Trace Wrapper Protocol
(TWP) of a MIPI® Specification.

Example 5 may include the subject matter of Example 1, wherein the apparatus
further comprises a display device coupled with the test controller, to display the feedback
information on a screen of the display device, to be captured by a camera of the device
under test.

Example 6 may include the subject matter of Example 1, wherein the test
controller to extract and analyze the test data from the image includes to convert pixel
information of the image into a binary data stream, and to determine whether the binary
data stream includes error messages or whether the binary data stream deviates from a
predefined data flow.

Example 7 may include the subject matter of Example 1, wherein the test
controller is to determine an area on the screen of the device under test in which the test
data is to be displayed.

Example 8 may include the subject matter of Example 7, wherein the test
controller to determine an area on the screen of the device under test in which the test data
is to be displayed includes to: determine a failure rate of an extraction of a subset of the
test data; and adjust at least one of a size or resolution of the area based at least in part on
the determined failure rate.

Example 9 may include the subject matter of any of Examples 1 to 8, wherein the
device under test comprises a mobile computing device.

Example 10 may include the subject matter of any Examples 1 to 8, wherein the
apparatus includes the camera, wherein the test controller is coupled with the camera, to
operate the camera.

Example 11 may be a computing device with integral device testing, comprising: a
test data provision controller to operate a display device with a screen to generate and
display test data on the screen, wherein the test data is to provide information associated
with one or more components of the computing device to be tested; wherein the test data
provision controller is to further operate a camera to generate an image to capture
feedback information provided on a screen of a test apparatus in response to a result of

analysis of the test data by the test apparatus; wherein the test data provision controller is
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to extract the feedback information from the image, analyze the feedback information, and
respond to one or more instructions included in the feedback information.

Example 12 may include the subject matter of Example 11, wherein the device
comprises a mobile computing device, wherein the test data includes one or more traces,
including at least one of a device processor trace, a device software instrumentation trace,
or a device hardware instrumentation trace.

Example 13 may include the subject matter of any Examples 11 to 12, wherein the
test data provision controller includes a trace source block, to generate one or more traces;
and a run-control block coupled with the trace source block, to generate run-control
information, including to generate updated run-control information in response to the one
or more instructions included in the feedback information.

Example 14 may be a method for integral device testing via an optical interface,
comprising: generating, by a test apparatus, an image to capture test data provided on a
display screen of a device under test, the test data providing information associated with
one or more components of the device to be tested; extracting and analyzing, by the test
apparatus, the test data from the image; and generating, by the test apparatus, feedback
information for the device under test, based at least in part on a result of the extracting and
analyzing the test data.

Example 15 may include the subject matter of Example 14, further comprising:
providing, by the test apparatus, the feedback information, on a display screen of the test
apparatus, for capturing by the device under test.

Example 16 may include the subject matter of Example 14, wherein extracting and
analyzing the test data includes: converting, by the test apparatus, a graphical
representation of the test data that comprises pixel information, into a binary data stream
comprising device status information; and determining, by the test apparatus, whether the
binary data stream includes error messages or whether the binary data stream deviates
from a predefined data flow.

Example 17 may include the subject matter of any Examples 14 to 16, further
comprising: determining, by the test apparatus, an area on the display screen of the device
under test in which the test data is to be displayed, wherein the device under test comprises
a mobile device.

Example 18 may include the subject matter of Example 17, wherein determining
an area includes: identifying, by the test apparatus, a size of the area on the display screen

of the device under test in which a graphical or textual representation of test data is to be
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displayed, based at least in part on a determined error rate of the conversion of the
graphical or textual representation into a binary data stream.

Example 19 may be a method for providing an optical interface between a device
under test and a test apparatus, comprising: aligning a test apparatus with a device under
test, to establish a first optical interface between a display screen of the device under test
and a camera of the test apparatus, to enable test data transfer from the device under test to
the test apparatus; and further aligning the test apparatus with the device under test, to
establish a second optical interface between a display screen of the test apparatus and a
camera of the device under test, to enable feedback optical connection between the test
apparatus and the device under test.

Example 20 may include the subject matter of Example 19, wherein aligning a test
apparatus with a device under test includes disposing one of the test apparatus or device
under test to provide a direct sightline between the display screen of the device under test
and the camera of the test apparatus.

Example 21 may include the subject matter of Example 19, wherein further
aligning the test apparatus with the device under test includes disposing one of the test
apparatus or device under test to provide a direct sightline between the camera of the
device under test and the display screen of the test apparatus.

Example 22 may be an apparatus for integral device testing via an optical interface,
comprising: means for generating an image to capture test data provided on a display
screen of a device under test, the test data providing information associated with one or
more components of the device to be tested; means for extracting and analyzing the test
data from the image; and means for generating feedback information for the device under
test, based at least in part on a result of the extracting and analyzing the test data.

Example 23 may include the subject matter of Example 22, further comprising
means for providing the feedback information, on a display screen of the test apparatus,
for capturing by the device under test.

Example 24 may include the subject matter of Example 22, wherein means for
extracting and analyzing the test data includes: means for converting a graphical
representation of the test data that comprises pixel information, into a binary data stream
comprising device status information; and means for determining whether the binary data
stream includes error messages or whether the binary data stream deviates from a
predefined data flow.

Example 25 may include the subject matter of Example 11, wherein the computing
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device includes the camera and the display device, wherein the test provision controller is
coupled with the camera and the display device.

Various operations are described as multiple discrete operations in turn, in a
manner that is most helpful in understanding the claimed subject matter. However, the
order of description should not be construed as to imply that these operations are
necessarily order dependent. Embodiments of the present disclosure may be implemented
into a system using any suitable hardware and/or software to configure as desired.

Although certain embodiments have been illustrated and described herein for
purposes of description, a wide variety of alternate and/or equivalent embodiments or
implementations calculated to achieve the same purposes may be substituted for the
embodiments shown and described without departing from the scope of the present
disclosure. This application is intended to cover any adaptations or variations of the
embodiments discussed herein. Therefore, it is manifestly intended that embodiments

described herein be limited only by the claims and the equivalents thereof.
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Claims

What is claimed is:

1. An apparatus for device testing via an optical interface, comprising:

a test controller to operate a camera to generate an image to capture test
data displayed on a screen of a device under test, wherein the test controller is to extract
the test data from the image, analyze the test data, and generate feedback information for
the device under test, based at least in part on a result of the analysis of the test data.

2. The apparatus of claim 1, wherein the displayed test data comprises
a graphical, visual, or textual representation of test information generated by the device
under test.

3. The apparatus of claim 1, wherein the test data includes run-control
information associated with one or more components of the device under test.

4. The apparatus of claim 3, wherein the test data further includes one
or more traces generated in accordance with a trace protocol, wherein the trace protocol is
one of a System Trace Protocol (STP) or Trace Wrapper Protocol (TWP) of a MIPI
Specification.

5. The apparatus of claim 1, wherein the apparatus further comprises a
display device coupled with the test controller, to display the feedback information on a
screen of the display device, to be captured by a camera of the device under test.

6. The apparatus of claim 1, wherein the test controller to extract and
analyze the test data from the image includes to convert pixel information of the image
into a binary data stream, and to determine whether the binary data stream includes error
messages or whether the binary data stream deviates from a predefined data flow.

7. The apparatus of claim 1, wherein the test controller is to determine
an area on the screen of the device under test in which the test data is to be displayed.

8. The apparatus of claim 7, wherein the test controller to determine an
area on the screen of the device under test in which the test data is to be displayed includes
to:

determine a failure rate of an extraction of a subset of the test data; and

adjust at least one of a size or resolution of the area based at least in part on
the determined failure rate.

9. The apparatus of any of claims 1 to 8, wherein the device under test

comprises a mobile computing device.
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10. The apparatus of any of claims 1 to 8, the apparatus includes the
camera coupled with the test controller.

11. A computing device with integral device testing via an optical
interface, comprising:

a test data provision controller to operate a display device with a screen to
generate and display test data on the screen, wherein the test data is to provide information
associated with one or more components of the computing device to be tested;

wherein the test data provision controller is to further operate a camera to
generate an image to capture feedback information provided on a screen of a test apparatus
in response to a result of analysis of the test data by the test apparatus;

wherein the test data provision controller is to extract the feedback
information from the image, analyze the feedback information, and respond to one or more
instructions included in the feedback information.

12.  The computing device of claim 11, wherein the device comprises a
mobile computing device, wherein the test data includes one or more traces, including at
least one of: a device processor trace, a device software instrumentation trace, or a device
hardware instrumentation trace.

13.  The computing device of claim 11, wherein the test data provision
controller includes a trace source block, to generate one or more traces; and

a run-control block coupled with the trace source block, to generate run-
control information, including to generate updated run-control information in response to
the one or more instructions included in the feedback information.

14.  The computing device of claim 11 to 13, wherein the computing
device includes the camera and the display device, wherein the test provision controller is
coupled with the camera and the display device.

15. A method for integral device testing via an optical interface,
comprising:

generating, by a test apparatus, an image to capture test data provided on a
display screen of a device under test, the test data providing information associated with
one or more components of the device to be tested;

extracting and analyzing, by the test apparatus, the test data from the
image; and

generating, by the test apparatus, feedback information for the device under

test, based at least in part on a result of the extracting and analyzing the test data.
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16. The method of claim 15, further comprising:

providing, by the test apparatus, the feedback information, on a display
screen of the test apparatus, for capturing by the device under test.

17. The method of claim 15, wherein extracting and analyzing the test
data includes:

converting, by the test apparatus, a graphical representation of the test data
that comprises pixel information, into a binary data stream comprising device status
information; and

determining, by the test apparatus, whether the binary data stream includes
error messages or whether the binary data stream deviates from a predefined data flow.

18. The method of any of claims 15 to 17, further comprising:

determining, by the test apparatus, an area on the display screen of the
device under test in which the test data is to be displayed, wherein the device under test
comprises a mobile device.

19. The method of claim 18, wherein determining an area includes:
identifying, by the test apparatus, a size of the area on the display screen of the device
under test in which a graphical or textual representation of test data is to be displayed,
based at least in part on a determined error rate of the conversion of the graphical or
textual representation into a binary data stream.

20. A method for providing an optical interface between a device under
test and a test apparatus, comprising:

aligning a test apparatus with a device under test, to establish a first optical
interface between a display screen of the device under test and a camera of the test
apparatus, to enable test data transfer from the device under test to the test apparatus; and

further aligning the test apparatus with the device under test, to establish a
second optical interface between a display screen of the test apparatus and a camera of the
device under test, to enable feedback optical connection between the test apparatus and the
device under test.

21. The method of claim 20, wherein aligning a test apparatus with a
device under test includes disposing one of the test apparatus or device under test to
provide a direct sightline between the display screen of the device under test and the
camera of the test apparatus.

22. The method of claim 20, wherein further aligning the test apparatus

with the device under test includes disposing one of the test apparatus or device under test
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to provide a direct sightline between the camera of the device under test and the display
screen of the test apparatus.

23. An apparatus for integral device testing via an optical interface,
comprising:

5 means for generating an image to capture test data provided on a display
screen of a device under test, the test data providing information associated with one or
more components of the device to be tested;

means for extracting and analyzing the test data from the image; and

means for generating feedback information for the device under test, based

10 atleast in part on a result of the extracting and analyzing the test data.

24, The apparatus of claim 23, further comprising means for providing
the feedback information, on a display screen of the test apparatus, for capturing by the
device under test.

25.  The apparatus of claim 23, wherein means for extracting and

15  analyzing the test data includes:

means for converting a graphical representation of the test data that
comprises pixel information, into a binary data stream comprising device status
information; and

means for determining whether the binary data stream includes error

20  messages or whether the binary data stream deviates from a predefined data flow.

=22



100

WO 2017/155636 PCT/US2017/016012
1/6

9
[
b i
-

5] W) _“:_%%

fooo A ']

&3 - [ o~ T

& | < Tyl b
= o] L
<l B -
el 3
0 = I 4 S
<F \\\\\\\\\\\\ \\\\\ il B Ol @
<« \\ o w QD & N W
\ \ \\\\\‘ \\\\\\\\ § fu [N [<h] iy
Y | & @ £ >
e LD \ k= g
W \\\\\‘\\ % Q
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\*
o T
o o0
m ‘\""‘

s 23 g

pv teL)

T ® L
=
om
DO
B i

] %
i @
\\\\\\\\\ \\\ )
Q\\\ \\\*\\\\\\\\\
Y | e
\\\~\\~\\
%\\\\s \\\\\‘\\\ =
.
] o &
r————m—m-"m™"— """ ="-"==- 1
o
l S —
I X 5 2
O o~ .
I g - 5B
> — 2+ 2 & )
I 0 0. O —_—
&£ = L
I e B
O E = A Sl
I - w |
| A A ff |
I |
|
I | & |
%) |
I T
s |
I @ o =] ® I
I & Q — = < |
m""‘
I & T P o 5@ £
L8l B8s |/ &0 T 8 :
A el
| o {:}{: ii:?“ -
S =3 & | g
I & x 5 | 2
| _| [y
________________________ il




WO 2017/155636
2/6

PCT/US2017/016012

’/- 200

( smar )

\ 4

Generate an image to capture test data provided
on a display screen of a device under test

J‘ 202

l

Extract and analyze the test data from the image

J 204

l

Generate feadback information for the device
under test, based at least in part on 3 result of
the extracting and analyzing the test data

oo

FiG. 2

3]
o
(9]



PCT/US2017/016012

WO 2017/155636

3/6

1

b —_ —

AZRIRE

8819965 = AZM
< epe430 < AHD

Asidsip

Lo Aoy sepusy v
Aoy eppisues) ¢

SPOS8C 7

I U0 SN0 L

€ Old

e
—
o

28

0L 84

Y
[
.

HO J S08A UEIS
Aent yosysD g
SSUNUSH]

QL0 UBA 2
D Asdsiq L

g0t f.

ALY




PCT/US2017/016012

WO 2017/155636

4/6

=y

T8 102

FIG. 4



WO 2017/155636 PCT/US2017/016012

5/6

( smrr )

establish a first optical interface between a
display screen of the device undertestand a
camera of the test apparatus

l

Align a test apparatus with a device under test, tGJ_ S02

Align the test apparatus with the device under test,

to establish a second optica! interface belween a

display screen of the test apparatus and a camera
of the device under tast

J‘ 504

oo )

FIG. 5



WO 2017/155636

PCT/US2017/016012

6/6

800

-

808
MOTHERBOARD
802
PROCESSOR COMMUNICATIONS
OHIP A
604
808 N
v
DRAM 5
614 N
CHIPSET A
RAM ROM 612 650
816 818
COMPASS
622 GRAPHICS
PORT
A1l processor %468
GPS 628
620
_ TOUCHSCREEN 14
CONTROLLERS 656 CONTROLLER
180 104 628
: DISPLAY
SPEAKER | | CAMERA | kEYeoARD| [ToucHPAD
654 810 (118, 836 (114, 557 658
146) 148) _
ﬁMCngHONE CHARGING SENSORS 642
SYSTEM 844

FIG. 6




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2017/016012

A. CLASSIFICATION OF SUBJECT MATTER
GO1R 31/319(2006.01)i, GO1R 31/3183(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GO1R 31/319; GO6K 5/00; GO6K 7/10; GO6K 7/14; GO6F 19/00; HO4N 7/18; GO6F 17/00; GO6K 19/06; GO1R 31/3183

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: DUT, capture, screen, display, feedback, camera

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 2005-0222690 A1 (WANG et al.) 06 October 2005 1-7,9,10,15,17,18
See paragraphs [33]-[36], claim 1 and figures 1A,1B. ,20-23,25

A 8,11-13,16,19,24

Y US 2013-0002862 A1 (WARING et al.) 03 January 2013 1-7,9,10,15,17,18
See paragraphs [13]-[15], claim 1 and figure 1. ,20-23,25

Y US 2012-0223132 A1 (LIM) 06 September 2012 3,4
See paragraph [37] and claim 1.

Y US 2014-0175163 A1 (HEWLETT-PACKARD DEVELOPMENT COMPANY, L.P.) 26 June 2014 6,7,17,18,25
See paragraphs [14],[20], claim 11 and figure 1.

A US 9177189 B2 (BLACKBERRY LIMITED) 03 November 2015 1-13,15-25
See claims 1-6 and figure 1.

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered

to be of particular relevance

earlier application or patent but published on or after the international

filing date

document which may throw doubts on priority claim(s) or which is

cited to establish the publication date of another citation or other

special reason (as specified)

document referring to an oral disclosure, use, exhibition or other

means

"P"  document published prior to the international filing date but later
than the priority date claimed

i

K

nQr

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family

'

myn

ng"

Date of the actual completion of the international search
25 April 2017 (25.04.2017)

Date of mailing of the international search report

25 April 2017 (25.04.2017)

Name and mailing address of the [SA/KR
’ International Application Division
Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Dagjeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578

Authorized officer N
AN
KIM, Yeon Kyung N §\\\\\:\\\\
3
N e R
IR

Telephone No. +82-42-481-3325

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2017/016012
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2005-0222690 Al 06/10/2005 TW 200534676 A 16/10/2005
TW 1235589 B 01/07/2005
US 7200497 B2 03/04/2007
US 2013-0002862 Al 03/01/2013 US 8823794 B2 02/09/2014
WO 2013-003534 A2 03/01/2013
WO 2013-003534 A3 28/02/2013
US 2012-0223132 Al 06/09/2012 AU 2012-223816 Al 02/05/2013
AU 2012-223816 B2 30/07/2015
CN 102655552 A 05/09/2012
CN 102655552 B 16/09/2015
CN 105162625 A 16/12/2015
EP 2495944 A2 05/09/2012
EP 2495944 A3 23/03/2016
JP 2014-511630 A 15/05/2014
JP 6084171 B2 22/02/2017
KR 10-2012-0099995 A 12/09/2012
US 2015-0002494 Al 01/01/2015
US 2015-356378 Al 10/12/2015
US 8833641 B2 16/09/2014
US 9123271 B2 01/09/2015
WO 2012-118302 A2 07/09/2012
WO 2012-118302 A3 20/12/2012
US 2014-0175163 Al 26/06/2014 US 9142152 B2 22/09/2015
US 9177189 B2 03/11/2015 US 2012-067943 Al 22/03/2012
US 2013-092737 Al 18/04/2013
US 2014-131446 Al 15/05/2014
US 8342406 B2 01/01/2013
US 8636217 B2 28/01/2014

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2017/016012

Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. Claims Nos.:
because they relate to patts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 14
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. |:| As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment
of any additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:| The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
|:| No protest accompanied the payment of additional search fees.
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