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Notice

This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate,
complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant or
financial decisions, should not be based on machine-translation output.

DESCRIPTION W0O2016158748A1

10 Settlement system, settlement device, program, and settlement method The present invention
relates to a settlement system, a settlement device, a program, and a settlement method.

12 Cash register terminals in stores such as supermarkets perform (1) processing to register
products to be settled (such as reading barcodes) and (2) processing to settle the registered
products (such as receiving payment and returning change). Two processes are performed.

15 Then, there is an operation method in which the functions of such a cash register terminal are
separated into two devices, and the processing (1) and the processing (2) are performed by
different devices. For example, Patent Document 1 discloses a self-POS system in which a
registration device used for processing (1) and an accounting device used for processing (2)
are provided separately. The store clerk registers the product using the registration device.
The registration device captures an image of the customer with the imaging unit. A store clerk
who operates the registration device selects a customer image to be associated with the
accounting data (data relating to the registered product) from among the customer images
captured by the imaging unit. As a result, the registration device associates the customer’s
image with the accounting data. After that, the customer makes a payment using the
accounting device. The checkout device captures an image of the customer and acquires
checkout data associated with the generated customer image and the highly consistent
customer image. The customer then uses the accounting device to make an accounting based
on this accounting data.

29 A customer in the image generated by the registration device may not match the same
customer in the image generated by the checkout device. For example, if a customer removes
a mask or hat that they wore when using the registration device before using the accounting
device, the customer in the image generated by the registration device and the image
generated by the accounting device The matching with the customer in the image that is
displayed is reduced.

35 Patent Document 1 does not mention the case where the matching between the customer
appearing in the image generated by the registration device and the same customer appearing

in the image generated by the checkout device is reduced. o o
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38 The present invention has been made in view of the above problems. SUMMARY OF THE
INVENTION An object of the present invention is to provide a technology that enables a
customer to reliably settle the account for merchandise.

41 The settlement system of the present invention has a product registration device and a
settlement device. The product registration device includes first imaging means for generating
a first customer image including the customer, and generating means for generating
association information in which the first customer image is associated with settlement
information used for product settlement. have. The settlement device includes a second
imaging means for generating a second customer image including the customer, and a
candidate image as a candidate for the first customer image in which the same customer as
the customer appearing in the second customer image is captured, and a first display control
means for displaying on a display device viewable by a customer.

50 The settlement device of the present invention is the settlement device of the settlement
system of the present invention.

52 A program of the present invention is a program that causes a computer to operate as the
settlement apparatus of the present invention.

54 A settlement method of the present invention is a settlement method executed in a settlement
system having a product registration device and a settlement device. The settlement method
includes a first imaging step in which the product registration device generates a first
customer image including the customer, and the product registration device associates
settlement information used for product settlement with the first customer image. a
generation step of generating associated information, a second imaging step of generating a
second customer image including the customer, and a first image capturing step of generating
a second customer image including the customer; and a first display control step of displaying
a candidate image, which is a candidate for the customer image, on a display device that can
be viewed by the customer.

64 ADVANTAGE OF THE INVENTION According to this invention, the technique which enables a
customer to carry out the checkout of goods reliably is provided.

66 The above objectives, as well as other objectives, features and advantages, will become further
apparent from the preferred embodiments described below and the accompanying drawings
below.

69 It is a figure which illustrates arrangement|positioning of the goods registration apparatus
which a settlement system has, and a settlement apparatus. 1 is a block diagram illustrating a
settlement system according to Embodiment 1; FIG. 4 is a flowchart illustrating processing
executed by the product registration device of the first embodiment; 4 is a flow chart
illustrating the flow of processing executed by the settlement device of the first embodiment; 3
is a diagram illustrating the hardware configuration of a computer that implements the
product registration device of the first embodiment; FIG. 2 is a diagram illustrating the
hardware configuration of a computer that implements the settlement apparatus of
Embodiment 1; FIG. It is a figure which illustrates settlement information in a table format. It is
a figure which illustrates the structure of association information in a table format. FIG. 4 is a

diagram illustrating a display on a display device; It is a block diagram which illustrates the
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settlement device which has a judgment part. FIG. 11 is a block diagram illustrating a
settlement system of Embodiment 2; FIG. FIG. 10 is a diagram illustrating association
information in the second embodiment; FIG. 9 is a flowchart illustrating the flow of processing
executed by the warning device of Embodiment 2; It is a figure which illustrates the operation
environment of the settlement system of Embodiment 2. FIG.

g5 BEST MODE FOR CARRYING OUT THE INVENTION Hereinafter, embodiments of the present
invention will be described with reference to the drawings. In addition, in all the drawings, the
same constituent elements are denoted by the same reference numerals, and the description
thereof will be omitted as appropriate.

g9 [Embodiment 1] FIG. 1 is a diagram illustrating the arrangement of the commodity registration
device 3000 and the settlement device 4000 that the settlement system 2000 has. The
settlement system 2000 has a commodity registration device 3000 and a settlement device
4000 . As shown in FIG. 1, the product registration device 3000 and the settlement device
4000 are provided as independent devices. In a store that uses the settlement system 2000,
commodity registration device 3000 and settlement device 4000 are used to make
settlements for commodities. Here, the installed number of the product registration device
3000 and the settlement device 4000 is one or more.

97 The commaodity registration device 3000 is used for processing of registering a commodity as
an object of payment. A customer who wants to purchase a product goes to the product
registration device 3000 with the product. A store clerk who operates the product registration
device 3000 receives a product from a customer and registers the product as an object of
payment. Here, various known techniques can be used for the method of registering the
product as the object of payment. For example, a store clerk causes a reader of the product
registration device 3000 to read a barcode or the like attached to each product. Along with
product registration, the product registration device 3000 generates settlement information.
The settlement information is information relating to the settlement processing of the product
registered as the settlement object.

107 The settlement device 4000 is used for settlement of goods registered as settlement objects
(such as receipt of payment). After completing product registration, the customer moves to
any checkout device 4000 . The settlement device 4000 acquires settlement information
related to the product purchased by the customer, and performs settlement processing based
on the settlement information. More specifically, the settlement device 4000 presents the
price to the customer, counts the price paid by the customer, refunds the customer change,
issues a receipt, and the like.

114 <Configuration of product registration device 3000 and settlement device 4000> FIG. 2 is a
block diagram illustrating the settlement system 2000 according to the first embodiment. In
FIG. 2, each block does not represent the configuration in units of hardware, but the
configuration in units of functions.

1178 The product registration device 3000 has a first imaging section 3020 and a generation
section 3040 . The first imaging unit 3020 generates an image including the customer. The
image generated by the first imaging unit 3020 is hereinafter referred to as the first

customer image. The generation unit 3040 generates association information. T
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association information is information that associates the first customer image and the
payment information.

124 The settlement device 4000 has a second imaging section 4020 , a first calculation section
4040, an acquisition section 4060, a first display control section 4080 and a first input
reception section 4100 . The second imaging unit 4020 generates an image including the
customer. The image generated by the second imaging unit 4020 is hereinafter referred to as
a second customer image.

129 The first calculation unit 4040 calculates the customer appearing in each image (first
customer image) captured by the first imaging unit 3020 and the customer appearing in the
image (second customer image) captured by the second imaging unit 4020. Calculate the
similarity with the customer who is Hereinafter, this degree of similarity is referred to as the
first degree of similarity.

134 Acquisition unit 4060 determines whether or not there is a first customer image that satisfies
the matching condition. The matching condition is that "the first similarity between the
customer appearing in the first customer image and the customer appearing in the second
customer image is greater than or equal to the first threshold". Then, when there is a first
customer image that satisfies the matching condition, the acquisition unit 4060 acquires
settlement information associated with the first customer image. As described above, the
settlement information and the first customer image are associated by the association
information.

142 The first display control unit 4080 displays candidate images on the display device 20 when
there is no first customer image that satisfies the matching condition. The candidate image is
a candidate for the first customer image in which the same customer as the customer
appearing in the second customer image is shown. Here, the display device 20 on which the
candidate image is displayed by the first display control unit 4080 is a display device that
can be viewed by the customer using the settlement device 4000 .

148 The first input reception unit 4100 receives input for selecting a candidate image. When first
input reception unit 4100 receives selection of a candidate image, acquisition unit 4060
acquires settlement information associated with the candidate image (first customer image)
selected in the association information.

152 <Action/Effect> The degree of similarity between the customer shown in the first customer
image and the same customer shown in the second customer image may be low. Such a
situation occurs, for example, when the customer wears different items depending on
whether the product registration device 3000 is used or the checkout device 4000 is used.
Specifically, there may be a case where the customer removes the mask worn when using the
product registration device 3000 before using the settlement device 4000 .

158 Therefore, the settlement device 4000 of the present embodiment, when there is no first
customer image showing a customer who has a high degree of similarity with the customer
who uses the settlement device 4000 (the first similarity is equal to or greater than the first
threshold), Candidates for the first customer image showing the same customer as the
customer using the settlement device 4000 are displayed, and the customer is made to select

the candidate. Therefore, even if the degree of similarity between the customer shown in t
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first customer image and the same customer shown in the second customer image is low, the
settlement device 4000 can detect the first customer selected by the customer. The
settlement process can be performed by acquiring the settlement information associated with
the image. Therefore, according to the checkout system 2000 of the present embodiment,
the customer can reliably checkout the product.

169 The present embodiment will be described in further detail below.

170 <Flow of Processing> FIG. 3 is a flowchart illustrating processing executed by the product
registration device 3000 of the first embodiment. The first imaging unit 3020 generates a
first customer image (S102). The generation unit 3040 generates association information by
associating the first customer image with the settlement information (S104).

174 FIG. 4 is a flowchart illustrating the flow of processing executed by the settlement device
4000 of the first embodiment. The second imaging unit 4020 generates a second customer
image (5202). The first calculator 4040 calculates the first similarity between the customer
appearing in each first customer image and the customer appearing in the second customer
image (S204). The acquisition unit 4060 determines whether or not there is a first customer
image whose first similarity is greater than or equal to the first threshold (S206). If there is a
first customer image whose first similarity is greater than or equal to the first threshold
(S206: YES), the process of FIG. 4 proceeds to S208. On the other hand, when there is no first
customer image whose first similarity is equal to or higher than the first threshold (S206:
NO), the process of FIG. 4 proceeds to S210.

184 In S208, the acquisition unit 4060 acquires settlement information associated with the first
customer image whose first similarity is greater than or equal to the first threshold.

186 In S210, the first display control unit 4080 displays the candidate images on the display
device when there is no first customer image with the first similarity equal to or higher than
the first threshold. The first input accepting unit 4100 accepts selection of a candidate image
(S212). The obtaining unit 4060 obtains the settlement information associated with the
selected candidate image (S214).

191 <Example of hardware that implements the product registration device 3000> Each functional
component of the product registration device 3000 and the settlement device 4000 is
implemented by hardware that implements each functional component (eg, hardwired
electronic circuits, etc.) Alternatively, it may be realized by a combination of hardware and
software (for example, a combination of an electronic circuit and a program for controlling
it).

197 FIG. 5 is a diagram illustrating the hardware configuration of the computer 1000 that
implements the product registration device 3000 of the first embodiment. This computer
1000 may be implemented using a dedicated device such as a cash register terminal, or may
be implemented using a general-purpose device such as a PC (Personal Computer) or a
mobile terminal.

202 Computer 1000 has bus 1020, processor 1040 , memory 1060 , storage 1080 , input/output
interface 1100 and network interface 1120 . Bus 1020 is a data transmission path for
processor 1040, memory 1060, storage 1080, input/output interface 1100, and network

interface 1120 to mutually transmit and receive data. However, the method of connecting
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processors 1040 and the like to each other is not limited to bus connection. The processor

1040 is, for example, an arithmetic processing unit such as a CPU (Central Processing Unit)
or a GPU (Graphics Processing Unit). The memory 1060 is memory such as RAM (Random

Access Memory) or ROM (Read Only Memory), for example. The storage 1080 is a storage

device such as a hard disk, SSD (Solid State Drive), or memory card. Also, the storage 1080

may be a memory such as RAM or ROM.

212 The input/output interface 1100 is an interface for connecting the computer 1000 and
input/output devices. Input/output devices are, for example, keyboards and mice.

214 The network interface 1120 is an interface for communicably connecting the computer 1000
to an external device. The network interface 1120 may be a network interface for connecting
with a wired line or a network interface for connecting with a wireless line. For example, a
computer 1000 realizing a product registration device 3000 is connected to a computer
6000 realizing a settlement device 4000 via a network.

219 The storage 1080 stores program modules that implement the functions of the first imaging
unit 3020 and the generating unit 3040, respectively. The processor 1040 implements the
function of each corresponding functional component by executing each program module.
Here, when executing each module, the processor 1040 may execute these modules after
reading them onto the memory 1060, or may execute them without reading them onto the
memory 1060 .

225 The hardware configuration of computer 1000 is not limited to the configuration shown in
FIG. For example, each program module may be stored in memory 1060 . In this case, the
computer 1000 may not have the storage 1080 .

228 Input/output devices connected to the input/output interface 1100 include a reader 40 that
recognizes products to be registered. A specific implementation method of the reader 40
differs depending on the method of recognizing the product. For example, the reader 40
reads product information symbols attached to products. The product information symbol is
a symbol attached to a product, and is a symbol representing information specifying the
product (ID (identifier) of product information, etc.). The symbol is a bar code, a two-
dimensional code (QR code (registered trademark), etc.), a character string symbol, or the
like. Note that the character string here also includes a numeric string. The product
information symbol is a barcode or the like in which information specifying product
information is encoded, or a character string symbol representing information specifying
product information.

239 For example, if the product information symbol is a bar code, the reader 40 is a bar code
reader. Further, for example, when the product information symbol is a two-dimensional
code, the reader 40 is a two-dimensional code reader. Further, for example, when the product
information symbol is a character string symbol, the reader 40 has an imaging device that
captures an image of the character string and a processing unit that analyzes the imaged
character string symbol to determine the ID of the product. Various known techniques for
character string analysis can be used to analyze character string symbols. A description of
these known techniques is omitted.

247 Note that when multiple types of symbols are used as product information symbols multiﬁ)le
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types of readers are connected to the input/output interface 1100 . For example, when a bar
code and a two-dimensional code are used as product information symbols, the input/output
interface 1100 is connected to a bar code reader and a two-dimensional code reader.

251 Alternatively, the reader 40 may capture an image of a product to generate an image, and
perform object recognition on the product shown in the image to recognize the product.

253 <<Hardware Configuration of First Imaging Unit 3020>> The first imaging unit 3020 has an
imaging element that records the results of imaging. For example, the first imaging unit
3020 is configured using a camera having this imaging device. The first imaging unit 3020
may capture still images or may capture moving images. In the latter case, the first customer
image is each frame that constitutes the moving image.

258 The first imaging unit 3020 is installed at a position where it can capture an image of a
customer using the product registration device 3000 . The first imaging unit 3020 may be
provided integrally with the product registration device 3000, or may be provided
separately. In the latter case, for example, as shown in FIG.

262 <Example of hardware realizing settlement device 4000> FIG. 6 is a diagram illustrating the
hardware configuration of a computer 6000 that implements the settlement device 4000 of
the first embodiment. This computer 6000 may be implemented using a dedicated device
such as a cash register terminal, or may be implemented using a general-purpose device such
as a PC (Personal Computer) or a mobile terminal. Note that the configuration of the
computer 6000 is the same as that of the computer 1000 .

268 The storage 6080 stores program modules for realizing the functions of the second imaging
unit 4020, the first calculation unit 4040, and the acquisition unit 4060, respectively. The
processor 6040 implements the function of each corresponding functional component by
executing each program module. Here, when executing each module, the processor 6040
may execute these modules after reading them onto the memory 6060 or may execute them
without reading them onto the memory 6060 .

274 The hardware configuration of computer 6000 is not limited to the configuration shown in
FIG. For example, each program module may be stored in memory 6060 . In this case, the
computer 6000 may not have the storage 6080 .

277 Input/output devices connected to input/output interface 6100 include display device 20
controlled by first display control section 4080 . The display device 20 is installed facing the
customer so that the customer using the checkout device 4000 can view it. This display
device may be provided integrally with the settlement device 4000, or may be provided
separately.

282 Input/output devices connected to input/output interface 6100 include an input device for
realizing the function of first input reception unit 4100 . For example, this input device is the
touch panel 22 built into the display device 20 . Also, for example, this input device may be a
keyboard, a mouse, or the like.

286 Further, input/output devices connected to the input/output interface 6100 include devices
for customers to deposit money, devices for refunding change, and devices for issuing
receipts (not shown). ).

289 <Registration processing of product by product registration device 3000> As described above,
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the product registration device 3000 generates settlement information related to products
registered as settlement targets. The product registration device 3000 stores the generated
settlement information in a storage unit inside or outside the product registration device
3000 .

294 A plurality of commodities can be included in the settlement objects in one settlement
process. For example, the product registration device 3000 registers one or a plurality of
registered products after receiving an operation instructing the start of the registration
processing of the settlement object and before accepting an operation instructing the end of
the registration processing of the settlement object. , is registered as a settlement object in
one settlement process. Settlement information related to a certain settlement process
indicates the ID of each product registered as the target of the settlement process. The
settlement information may also indicate the transaction number, the price of each product,
the total price, and the like.

303 FIG. 7 is a diagram illustrating settlement information in a table format. The settlement
information shown in FIG. 7 is referred to as settlement information 200 . The settlement
information 200 has two columns, a settlement information ID 202 and a product list 204 .
The product list 204 is a list of product IDs registered as payment targets. The product 1D
206 is the ID of the product registered as the payment target.

308 Since various known techniques can be used as a specific method for generating settlement
information for products recognized by a reader or the like, description of this method will
be omitted.

311 <Details of Processing Performed by First Imaging Unit 3020> The first imaging unit 3020
generates a first customer image (5102). There are various timings at which the first imaging
unit 3020 performs imaging. For example, the first image capturing unit 3020 always
repeatedly captures images while the product registration device 3000 is in operation. The
frequency at which the first imaging unit 3020 performs repeated imaging is, for example,
1/30 second, which is the same as the frame rate of general moving images.

317 Further, for example, the first imaging unit 3020 may detect that the customer is near the
product registration device 3000 and may perform imaging according to the detection. For
example, an infrared sensor or the like for detecting a person is provided near the first
imaging unit 3020 . The first imaging unit 3020 can recognize that the customer is near the
first imaging unit 3020 by receiving the notification from the infrared sensor. Therefore, for
example, the first imaging unit 3020 takes an image of the customer when the infrared
sensor detects that the customer is in the vicinity of the first imaging unit 3020, and
generates a first customer image.

325 Note that the first imaging unit 3020 may repeatedly image the customer for a predetermined
period from the time the detection is performed. For example, the first imaging unit 3020
repeatedly images the customer for a predetermined period of time after the detection. Also,
for example, the first image capturing unit 3020 may repeatedly capture images of the
customer from the time the above detection is performed until the registration of the product
purchased by the customer is completed (until the settlement information is generated). .

337 The above-mentioned “predetermined time” may be set in advance in the first ima in%
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section 3020 or may be stored in a storage section provided inside or outside the product
registration device 3000 . In the latter case, the first imaging unit 3020 acquires and uses
the predetermined time from this storage unit. Unless otherwise specified, various
predetermined values (predetermined threshold value, predetermined time, etc.) used by
each functional configuration unit described previously or hereinafter are also set in the
functional configuration unit., or obtained from the storage unit and used.

338 Also, the first imaging unit 3020 may be operated by a store clerk who operates the product
registration device 3000 . For example, the store clerk guides the customer so that the
customer’s face is within the imaging range of the first imaging unit 3020 by calling out to
the customer. After confirming that the customer’s face is within the imaging range of the
first imaging unit 3020, the store clerk causes the first imaging unit 3020 to capture the
customer’s image.

344 Also, the guidance may be performed by the first imaging unit 3020 . For example, the
product registration device 3000 is provided with a display device that displays an image
captured by the imaging element of the first imaging unit 3020 . The display device is
installed facing the customer so that the customer can view it. The first imaging unit 3020
guides the customer by displaying guidance in text on the display device or providing
guidance by voice so that the customer’s face is captured by the first imaging unit 3020 .

350 When the first imaging unit 3020 captures the customer multiple times, multiple images of
the customer are generated. Therefore, the first imaging unit 3020 treats one or more of
these multiple images as the first customer image. There are various ways to determine
which image to treat as the first customer image. For example, the first imaging unit 3020
sets the image in which the customer looks good as the first customer image. The “image in
which the customer appears well” is an image in which the customer appears large or an
image with little blurring. Known techniques can be used to calculate the size of the object
(customer) appearing in the image and to calculate the amount of blurring. Therefore,
descriptions of these methods are omitted.

359 Note that the first imaging unit 3020 may set one image in which the customer is best
captured as the first customer image, or may set a plurality of images in which the
customer’s appearance is equal to or higher than a predetermined standard as the first
customer images.

363 Further, the first imaging unit 3020 may use all generated images as the first customer
image.

365 <Details of Processing Performed by Generation Unit 3040> The generation unit 3040
generates association information (S104). FIG. 8 is a diagram illustrating the configuration of
association information in a table format. The association information shown in FIG. 8 is
referred to as association information 300. As shown in FIG. The association information 300
has two columns of first customer image 302 and checkout information ID 304 . A first
customer image 302 indicates an image file in which the first customer image is recorded.
The settlement information ID 304 indicates the ID of settlement information. When multiple
first customer images are generated for the same customer, multiple different first customer

images 302 are associated with one settlement information 1D_304 . o
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374 The generation unit 3040 associates the first customer image with the settlement information
related to the product purchased by the customer shown in the customer image. Specifically,
the generating unit 3040 associates the settlement information generated by the registration
process with the first customer image generated during the period from the start of the
product registration process to the end of the registration process. .

379 Here, when associating the first customer image with the settlement information, the
generation unit 3040 may confirm with the clerk whether or not the association is correct.
Specifically, the generation unit 3040 presents the first customer image to be associated with
the settlement information on the display device viewed by the store clerk who operates the
product registration device 3000 . The store clerk confirms whether or not the presented
first customer image is an image of the customer currently using the product registration
device 3000 . Then, if the presented first customer image is correct, the clerk uses the touch
panel, keyboard, or the like to input that the first customer image is correct. Upon receiving
the result of the input, generation section 3040 generates association information.

388 On the other hand, if the presented first customer image is not correct, the clerk performs
processing for associating the correct customer image with the payment information. For
example, the store clerk operates the first imaging unit 3020 to capture an image of the
customer and generate the first customer image again. Then, the generation unit 3040
generates association information by associating the first customer image generated by this
operation with the settlement information.

394 Generation unit 3040 stores the association information in a storage unit accessible from
each settlement device 4000 . This storage unit may be inside the product registration device
3000 or may be outside. The storage unit outside the product registration device 3000 is, for
example, a database server accessible from the product registration device 3000 and the
settlement device 4000 .

399 <Regarding settlement processing by the settlement device 4000> The settlement device
4000 acquires settlement information and performs settlement processing based on the
settlement information. A known technique can be used as a method for performing
settlement processing based on information (settlement information) used by the settlement
device 4000 for settlement processing of products. Details of this known technique are
omitted.

405 <Details of Processing Performed by Second Imaging Unit 4020> The second imaging unit
4020 generates a second customer image (5202). The process by which the second imaging
section 4020 generates the second customer image is the same as the process by which the
first imaging section 3020 generates the first customer image.

409 <Details of Processing Performed by First Calculation Unit 4040> The first calculation unit
4040 calculates the customer in the first customer image captured by the first imaging unit
3020 and the second customer image captured by the second imaging unit 4020. A first
degree of similarity is calculated with respect to the customer appearing in the customer
image (S204). The first customer image for which the first calculation unit 4040 calculates
the degree of similarity is the first customer image associated with the payment information

in any of the association information. Hereinafter, the similarilgy calculation is also referred to
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as "matching between the first customer image and the second customer image".

417 There are various methods for the first calculation unit 4040 to calculate the first similarity.
For example, the first calculation unit 4040 calculates feature amounts of customers in the
first customer image and the second customer image, respectively. The first calculator 4040
then calculates the similarity of these customer feature amounts as the first similarity. Here,
various known methods used for object matching can be used for the method of extracting
the feature amount of the object from the image and the method of calculating the similarity
of the feature amount. Also, the method of calculating the first similarity is not limited to the
method using the feature amount. Various known methods for calculating the similarity of
objects in an image can be used to calculate the first similarity.

126 <<Method for determining first similarity calculation target>> The first calculation unit 4040
may calculate the first similarity for all the first customer images associated with the
payment information, or The first similarity may be calculated only for the first customer
image. In the latter case, there are various methods for determining the first customer image
for which the first similarity is to be calculated. The method will be described below.

431 For example, the first calculation unit 4040 determines the first customer image to be
calculated for the first similarity by using the imaging time points of the first customer image
and the second customer image. Normally, it takes a short time from when the commaodity
registration device 3000 registers an item to be settled to when the settlement device 4000
performs the settlement process. For example, this time is within 5 minutes. Therefore, the
first calculation unit 4040 selects only the first customer images captured within a
predetermined period of time before the generation of the second customer image to be
calculated for the first similarity as the calculation target for the first similarity. and For
example, this predetermined time is 5 minutes.

440 Further, for example, the first calculation unit 4040 may determine the first customer image
to be calculated for the first similarity based on the arrangement of the product registration
device 3000 and the settlement device 4000 . For example, as shown in FIG. 1, in a store
where the checkout system 2000 is installed, a plurality of product registration devices 3000
and checkout devices 4000 are installed. After completing product registration in the
product registration device 3000, the customer appropriately selects the settlement device
4000 to be used. In such an operation environment of the settlement system 2000, it is
considered that customers often select the settlement device 4000 that is close to the
commaodity registration device 3000 used.

149 Therefore, the settlement system 2000 stores in advance information that associates the
product registration device 3000 with the settlement device 4000 close to the product
registration device 3000 in a storage device accessible from the settlement device 4000 .
Then, the first calculator 4040 calculates the first similarity only for the first customer image
generated by the product registration device 3000 associated with the settlement device
4000 having the first calculator 4040 .

455 For example, in the case of the example of FIG. Information associated with the settlement
device 4000-4 is stored in advance. Then, the first calculator 4040 uses this information to

determine the first customer image to be calculated for the first degree of similarity. For
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example, in this example, the first calculation unit 4040 included in the settlement devices
4000-1 and 4000-2 selects only the first customer image generated by the product
registration device 3000-1 as the first similarity calculation target. and On the other hand,
the first calculation units 4040 included in the settlement devices 4000-3 and 4000-4 use
only the first customer image generated by the product registration device 3000-2 as the
object of calculation of the first similarity.

464 <<Method for Determining Area in which Customer is Captured>> The first calculation unit

4040 extracts an area representing the customer using the product registration device 3000
from the first customer image. Similarly, the first calculator 4040 extracts a region
representing the customer using the settlement device 4000 from the second customer
image. A variety of existing object recognition techniques can be used as a method of
extracting a person appearing in an image in this way. Details of this existing technique are
omitted.

471 Here, a plurality of customers may be present at the store. In this case, the imaging range of

the first imaging unit 3020 may include customers other than the customer using the
product registration device 3000 . As a result, multiple customers may appear in the first
customer image.

475 Therefore, the first calculation unit 4040 identifies the customer who used the product

registration device 3000 from among the customers appearing in the first customer image,
and calculates the first similarity for this customer. The "customer using the product
registration device 3000" here means a customer who purchases the product indicated by
the settlement information associated with the first customer image.

480 There are various methods of specifying a customer using the product registration device

3000 . For example, the first calculation unit 4040 determines that the customer appearing
in the largest image among the customers appearing in the first customer image is the
customer who used the product registration device 3000 . Further, for example, the first
calculation unit 4040 determines that the customer who appears closest to the center of the
first customer image among the customers appearing in the first customer image is the
customer using the product registration device 3000. do. Here, a known technique can be
used as a method for comparing the sizes of the customers appearing in the images and
comparing the positions of the customers appearing in the images. Therefore, descriptions of
these methods are omitted.

490 Note that the first customer image may be generated by the first imaging unit 3020 as an

image showing only the customer who uses the product registration device 3000 . In this
case, the first imaging unit 3020 identifies the customer who used the product registration
device 3000 by the same method as the first calculation unit 4040, for example. Then, the
first imaging unit 3020 generates a first customer image using only the area representing
the customer who used the product registration device 3000 in the image recorded in the
imaging device.

497 Further, for example, when the first customer image is generated, the store clerk operating

the product registration device 3000 may specify the area in which the customer is shown.

In this case, the first imaging unit 3020 displays the entire image_ recorded b%_the imagin
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device on the display device viewed by the store clerk who operates the product registration
device 3000 . Then, the store clerk performs an input designating an area in which the
customer using the product registration device 3000 is shown in the image displayed on the
display device. For example, if the display device has a touch panel, the store clerk designates
the area where the customer is shown by enclosing the area where the customer is shown by
tracing the area with a finger. Then, the first imaging unit 3020 generates an image
representing the area specified by the store clerk as the first customer image. Note that when
the customer is imaged multiple times, for example, the first imaging unit 3020 displays the
image with the least blur among the images recorded in the imaging element on the display
device.

570 Similarly, a plurality of customers may appear in the second customer image as well. In this
case, for example, the first calculation unit 4040 extracts customers using the settlement
device 4000 by performing the same processing as that for the first customer image. Also,
the second customer image may be generated by the second imaging unit 4020 as an image
of the customer using the settlement device 4000 extracted. The generation method is the
same as the method by which the first imaging unit 3020 generates the first customer image
showing only the customer who used the product registration device 3000 . In addition, the
settlement device 4000 uses the same method as the product registration device 3000 to
allow the store clerk to designate a customer. may be allowed to

519 <Details of the processing performed by the acquisition unit 4060> If there is a first customer
image that satisfies the matching condition (the first similarity is equal to or greater than the
first threshold) (S206: YES), the acquisition unit 4060 determines that the first customer is
present (S206: YES). Accounting information associated with the image is obtained (S208).
Specifically, the obtaining unit 4060 determines a first customer image whose first similarity
is equal to or greater than a first threshold, from among the first customer images for which
the first similarity has been calculated. Then, using the association information, the
acquisition unit 4060 acquires the settlement information associated with the determined
first customer image. Specifically, the acquisition unit 4060 accesses the storage unit in
which the generation unit 3040 stores the association information, and acquires the
settlement information indicated by the association information indicating the determined
customer image.

531 Note that there may be a plurality of first customer images whose first similarity is equal to or
higher than the first threshold. For example, in this case, the acquisition unit 4060 acquires
settlement information associated with the first customer image having the highest first
similarity. Further, in this case, the settlement device 4000 may display the first customer
images whose first similarity is equal to or higher than the first threshold on the display
device 20 and allow the customer to select one of them. Acquisition unit 4060 acquires
settlement information associated with the first customer image selected by the customer. By
these methods, even if there are a plurality of first customer images that satisfy the matching
condition, it is possible to uniquely determine and acquire the settlement information related
to the product purchased by the customer using the settlement device 4000 .

541 Here, the method of displaying the first customer image whose first similari}t1y IS e%ual to or
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higher than the first threshold on the display device 20 and the method of accepting the
selection of the displayed first customer image are performed by the first display control unit
4080 as a candidate. The process of displaying an image on the display device 20 and the
method of receiving selection of the displayed candidate image by the first input receiving
unit 4100 are the same. A detailed description of the process by which the first display
control unit 4080 displays the candidate images on the display device 20 and the method by
which the first input reception unit 4100 receives selection of the displayed candidate
images will be described later.

550 <Details of processing performed by the first display control unit 4080> The first display
control unit 4080 sets the first similarity with the customer (customer using the settlement
device 4000) shown in the second customer image to the If there is no first customer image
in which the customer with the number equal to or greater than 1 threshold is present, the
display device is controlled (S210). Specifically, the first display control unit 4080 selects
candidates (candidate images) for the first customer image in which the same customer as
the customer appearing in the second customer image is displayed among the first customer
images on the display device. 20.

558 FIG. 9 is a diagram illustrating a display on the display device 20. As shown in FIG. In FIG. 9A,
the first display control unit 4080 displays one candidate image 50 on the touch panel 22 of
the display device 20 . On the other hand, in FIG. 9B, the first display control unit 4080
displays three candidate images 50 on the touch panel 22 of the display device 20 . Note
that when there are many customers imaged by the first imaging unit 3020, the first display
control unit 4080 displays the button 70 on the touch panel 22 . When the customer presses
the button 70, the first display control section 4080 displays the candidate image 50 not
currently displayed on the touch panel 22 .

566 <<Method for Determining Candidate Image>> As described above, the candidate image is a
candidate for the first customer image in which the same customer as the customer shown in
the second customer image is shown. To display the candidate images, the first display
control unit 4080 determines which first customer image is the candidate image. There are
various methods for this method. The method will be specifically exemplified below.

571 For example, the first display control unit 4080 determines candidate images using a
predetermined second threshold that is smaller than the first threshold. Specifically, when it
is necessary to display the candidate image (when there is no first customer image that
satisfies the matching condition), the first display control unit 4080 first similarity with the
customer appearing in the second customer image. A first customer image having a degree
greater than or equal to the second threshold is set as a candidate image. Since the second
threshold is smaller than the first threshold, according to this method, the first customer
image whose first similarity is greater than or equal to the second threshold and less than the
first threshold is determined as the candidate image.

580 Also, for example, the first display control unit 4080 determines candidate images using a
second similarity calculated by a method different from that for the first similarity.
Specifically, when it is necessary to display the candidate images (when there is no first

customer image that satisfies the matching condition), the first calculation unit 4040 uses a
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method different from the method of calculating the first similarity. Then, a second similarity
between the second customer image and the first customer image is calculated. Then, the
first display control unit 4080 sets each first customer image having the calculated second
similarity equal to or higher than the first threshold as a candidate image.

588 Here, when the second similarity is greater than or equal to the first threshold, the second
similarity is a value greater than the first similarity. This is because the first similarity is
smaller than the first threshold when the second similarity is calculated. Therefore, as the
algorithm for calculating the second degree of similarity, it is preferable to use an algorithm
for calculating a higher degree of similarity than the algorithm for calculating the first degree
of similarity. Here, there are various algorithms for calculating the degree of similarity
between objects in an image, and the magnitude of the degree of similarity calculated differs
from one to another. Therefore, for example, an algorithm for calculating the first similarity
and an algorithm for calculating the second similarity are appropriately adopted from these
known algorithms so that the second similarity is greater than the first similarity.

598 Note that the first display control unit 4080 may display all of the candidate images
determined by the methods described above, or may display only some of them. In the latter
case, for example, the first display control unit 4080 uses the association between the
product registration device 3000 and the settlement device 4000 described above.
Specifically, the first display control unit 4080 displays only the candidate images generated
by the settlement information associated with the settlement device 4000 having the first
display control unit 4080 among the candidate images.

605 Further, the first display control unit 4080 may determine the display order of the candidate
images using the association between the product registration device 3000 and the
settlement device 4000 described above. Specifically, the first display control unit 4080
selects the candidate images generated by the product registration device 3000 associated
with the settlement device 4000 having the first display control unit 4080 as the settlement
device 4000 associated with the settlement device 4000. The candidate image generated by
the product registration device 3000 that does not exist is displayed before the candidate
image.

613 <Details of Processing Performed by First Input Reception Unit 4100> The first input
reception unit 4100 receives input for selecting one of the displayed candidate images
(S212). As a method for accepting selection of candidate images, various known techniques
for accepting selection of images, buttons, etc. displayed on the display can be used. When
the display device has a touch panel and the first input reception unit 4100 displays
candidate images on the touch panel, for example, the first input reception unit 4100 detects
that the candidate image displayed on the touch panel has been pressed. , the selection of the
candidate image is accepted. In the case of FIG. 9, the customer selects the candidate image
50 by pressing one of the candidate images 50 . Further, for example, the first input
receiving unit 4100 may receive selection of a candidate image using an input device such as
a keyboard.

624 When the first input reception unit 4100 receives the selection of the candidate image, the

acquisition unit 4060 uses the association information to acquire the settlement information
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associated with the selected candidate image (first customer image) (5214 ). The method of
obtaining the settlement information associated with the first customer image is as described
above.

629 <About other functions> The settlement device 4000 may further have a determination unit
4120. FIG. 10 is a block diagram illustrating the settlement device 4000 having the
determination unit 4120. As shown in FIG. When the first input receiving unit 4100 does not
receive the selection operation of the candidate image (when the customer does not select
the candidate image), the determination unit 4120 determines whether the customer who is
the same as the customer shown in the second customer image is shown. It is determined
that there is no first customer image that is For example, in the example of FIG. 9, the
determination unit 4120 determines that the first input reception unit 4100 receives the
selection of the candidate image when the customer presses the button 60 or does not press
the candidate image 50 or each button for a predetermined time. determined that it was not.
Further, even when there is no candidate image displayed by the first display control unit
4080, the determination unit 4120 determines that there is no first customer image showing
the same customer as the customer shown in the second customer image. . Here, the case
where there is no candidate image displayed by the first display control unit 4080 means, for
example, when there is no first customer image whose second similarity is equal to or higher
than the first threshold in the above-described method of determining the candidate image.
Alternatively, there is no first customer image whose first similarity is equal to or higher than
the second threshold.

647 When the determining unit 4120 determines that "there is no first customer image in which
the same customer as the second customer image is shown", the settlement device 4000
performs various processes. For example, the first display control unit 4080 displays a
message or the like to the effect that there is no settlement information corresponding to the
customer on the display device. Further, for example, the settlement device 4000 may redo
the second customer image and the like. That is, the settlement device 4000 executes the
process of FIG. 4 again. As a result, similarity calculation and the like are performed using
the second customer image generated by newly imaging the customer. By doing so, the
customer will be able to checkout more reliably.

656 [Embodiment 2] FIG. 11 is a block diagram illustrating a settlement system 2000 of
Embodiment 2. As shown in FIG. In FIG. 11, each block does not represent the configuration
in units of hardware, but the configuration in units of functions.

659 The settlement system 2000 of the second embodiment has a function of issuing a warning
when a customer who is about to leave the area where the settlement device 4000 is
installed has not completed the settlement process. Therefore, the settlement system 2000 of
the second embodiment is configured as follows.

663 The related information generated by the generation unit 3040 of the second embodiment
further indicates a completion flag. The completion flag indicates whether the settlement
using the settlement information indicated by the relevant information has been completed.
That is, the generation unit 3040 of the second embodiment generates related information

that associates the first customer image, the payment information, and the completion flag.
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Hereinafter, it is assumed that the value of the completion flag indicating that the payment
has been completed is "payment completed”, and the value of the completion flag indicating
that the payment has not been completed is "not yet completed”. FIG. 12 is a diagram
illustrating association information 300 according to the second embodiment. The
association information 300 further has a completion flag 306 in addition to the first
customer image 302 and settlement information ID 304 .

674 The settlement system 2000 of Embodiment 2 further has a warning device 5000 . The
warning device 5000 has a third imaging section 5020, a warning section 5040, a second
calculation section 5060 , a second display control section 5080 and a second input
reception section 5100 . The third imaging unit 5020 performs imaging to generate an
image including the customer at the exit (hereinafter also simply referred toas “exit” ) of
the area where the settlement device 4000 is installed. The image generated by the third
imaging unit 5020 is hereinafter referred to as the third customer image.

681 The warning unit 5040 performs warning processing when a warning condition is satisfied.
The warning condition is that "the completion flag associated with the first customer image
in which the same customer as the customer in the third customer image is shown indicates
that the payment has not been completed”. The warning unit 5040 determines whether or
not the warning condition is satisfied based on the result of processing by the second
calculation unit 5060, the second display control unit 5080, and the second input reception
unit 5100.

688 The second calculator 5060 calculates the third similarity between the customer appearing in
the third customer image and the customer appearing in each first customer image. When
there is a first customer image showing a customer whose third similarity is equal to or
higher than a predetermined third threshold, the warning unit 5040 sets the first customer
image to the same customer as the customer shown in the third customer image. is taken as
the first customer image. Therefore, the warning unit 5040 determines that the warning
condition is satisfied when the completion flag associated with the first customer image
indicates that payment has not been completed. The value of the third threshold may be the
same as the value of the first threshold or the value of the second threshold, or may be a
value different therefrom.

698 The second display control unit 5080 displays the second candidate image on the display
device 110 that can be viewed by the store clerk when there is no first customer image
showing a customer whose third similarity is equal to or higher than the third threshold. The
second candidate image is a candidate for the first customer image in which the same
customer as the customer appearing in the third customer image is shown.

703 A second input accepting unit 5100 accepts an input for selecting a second candidate image.
Warning unit 5040 sets the second candidate image selected via second input reception unit
5100 as the first customer image in which the same customer as the customer appearing in
the third customer image is shown. Therefore, the warning unit 5040 determines that the
warning condition is satisfied when the completion flag associated with the first customer
image indicates that payment has not been completed.

709 <Flow of Processing> FIG. 13 is a flowchart illustrating the flow of rocessincj; executed %the
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warning device 5000 of the second embodiment. The third imaging unit 5020 images the
customer at the exit and generates a third customer image (S302). The second calculator
5060 calculates the third similarity for each first customer image (S304). The warning unit
5040 determines whether or not there is a first customer image showing a customer whose
third similarity is equal to or higher than the third threshold (S306). If there is a first
customer image showing a customer whose third similarity is equal to or higher than the
third threshold (S306: YES), the process of FIG. 13 proceeds to S308. On the other hand,
when there is no first customer image showing a customer whose third similarity is equal to
or higher than the third threshold (S306: NO), the process of FIG. 13 proceeds to S312.

719 In S308, the warning unit 5040 determines whether "whether the completion flag associated
with the first customer image showing the customer whose third similarity is equal to or
higher than the third threshold indicates that payment has not been completed (warning
condition is satisfied)” . If this warning condition is satisfied (S308: YES), the warning unit
5040 performs warning processing (S310). If this warning condition is not satisfied (S308:
NO), the process of FIG. 13 ends.

7251n S<b>312 , the second display control unit 5080 displays the second candidate image on
the display device 110 . The second input accepting unit 5100 accepts an input for selecting
a second candidate image (S314).

728 The warning unit 5040 determines “whether or not the completion flag associated with the
selected second candidate image indicates that the payment has not been completed
(whether or not the warning condition is satisfied)” (S316). If this warning condition is
satisfied (S316: YES), the process of FIG. 13 proceeds to S310. On the other hand, if this
warning condition is not satisfied (S316: NO), the process of FIG. 13 ends.

733 <Hardware configuration example> For example, the warning device 5000 is implemented by
a computer having the same hardware configuration as the computer that implements the
product registration device 3000 and the settlement device 4000 . The input/output
interface of this computer is connected to hardware (such as a camera) that constitutes the
third imaging unit 5020 . The third imaging unit 5020 is provided near the exit. For example,
the third imaging unit 5020 is provided on the ceiling near this exit. Also, for example, if
there is a gate through which customers pass through this exit, the third imaging unit 5020
may be provided at this gate. However, the third imaging unit 5020 only needs to be able to
capture an image of the customer at the exit, and its installation location is not limited to the
above example. As for other points, the third imaging unit 5020 is implemented in the same
manner as the first imaging unit 3020 and the second imaging unit 4020 .

744 A display device 110 is connected to the input/output interface of the computer that
implements the warning device 5000 . A display device 110 is provided near the exit. In
addition, the display device 110 is installed so that it can be viewed by the store clerk.

747 An input device for realizing the second input reception unit 5100 is connected to the
input/output interface of the computer that realizes the warning device 5000 . For example,
this input device is a touch panel built into the display device 110 . Also, for example, this
input device may be a keyboard, a mouse, or the like.

751 The computer storage that implements the warning device 5000 has program modules that
Petitioner Exhibit 1002-2757
03-03-2023 18



implement the third imaging unit 5020, the warning unit 5040, the second calculation unit
5060, the second display control unit 5080 , and the second input reception unit 5100 . The
processor of the computer that implements the warning device 5000 implements the
functions of these functional components by executing this program module.

756 <Details of processing performed by the second calculation unit 5060> The second
calculation unit 5060 calculates the third similarity between the customer shown in each
first customer image and the customer shown in the third customer image (S304 ). The
algorithm used for calculating the third degree of similarity may be the same as or different
from the algorithm for calculating the first degree of similarity or the second degree of
similarity.

762 The first customer image for which the third degree of similarity is to be calculated is the first
customer image associated with the payment information in any of the related information.
The second calculation unit 5060 acquires each first customer image by the same method as
the method by which the first calculation unit 4040 acquires each first customer image
associated with the settlement information in the related information.

767 <Details of processing performed by the second display control unit 5080> If there is no first
customer image whose third similarity is equal to or higher than the third threshold (S306:
NO), the second display control unit 5080 5080 displays the second candidate image (the
first customer image representing the customer candidate appearing in the third customer
image) on the display device 110 that can be viewed by the store clerk (5312). Here, the
method for determining which first customer image is to be the second candidate image is
the same as the method for determining candidate images in the first embodiment. This
method will be specifically described below.

775 For example, the second calculation unit 5060 calculates the fourth similarity between the
customer appearing in the first customer image and the customer appearing in the third
customer image using a method different from the method for calculating the third similarity.
do. Then, the second display control unit 5080 displays the first customer image whose
fourth similarity is equal to or higher than the third threshold as the second candidate image.

780 Here, for the same reason that it is preferable that the algorithm for calculating the second
similarity calculates a higher degree of similarity than the algorithm for calculating the first
similarity, the algorithm for calculating the fourth similarity is the third similarity. It is
preferable to calculate a degree of similarity that is greater than the algorithm that calculates
the degree. For example, the second calculation unit 5060 uses the same algorithm as the
algorithm for calculating the first similarity as the algorithm for calculating the third
similarity, and calculates the second similarity as the algorithm for calculating the fourth
similarity. Use the same algorithm as the algorithm.

788 Further, for example, the second display control unit 5080 may display the first customer
image whose third similarity is equal to or higher than the fourth threshold as the second
candidate image. The fourth threshold is a value smaller than the third threshold.

791 <Details of Processing Performed by Second Input Receiving Unit 5100> The second input
receiving unit 5100 receives processing for selecting a second candidate image (S314). The

selection of the second candidate image is made by the store clerk. The method by which
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second input reception unit 5100 receives the selection of the second candidate image is the
same as the method by which first input reception unit 4100 receives the selection of the
candidate image.

797 <Details of processing performed by the warning unit 5040> The warning unit 5040
performs warning processing when the warning conditions are satisfied (S310). As described
above, the warning condition is that "the completion flag associated with the first customer
image showing the same customer as the third customer image indicates that payment has
not been completed." Here, the warning unit 5040 categorizes 1) the first customer image
whose third similarity is equal to or higher than the third threshold or 2) the second
candidate image selected by the customer as “a customer appearing in the third customer
image” . "first customer image in which the same customer as the customer is shown". 1)
and 2) are as described above.

gos The warning unit 5040 accesses the storage unit in which the related information is stored,
and acquires the completion flag associated with “the first customer image showing the same
customer as the customer shown in the third customer image". do. Then, warning unit 5040
determines whether or not the value of the completion flag indicates that payment has not
been completed.

811 <<Details of warning processing>> There are various types of warning processing performed
by the warning unit 5040. For example, the warning unit 5040 outputs an alarm sound at a
place where the customer captured by the first imaging unit 3020, the store clerk, or the
security guard can hear. For example, this place is near the exit, near the product registration
device 3000, or a security room. In this case, a speaker or the like for outputting the alarm
sound is installed at the place where the alarm sound is output.

817 Also, for example, the warning unit 5040 displays a warning message to the effect that the
payment has not been completed in a place where the customer captured by the third
imaging unit 5020, the store clerk, or the security guard can be seen. Specifically, the
warning unit 5040 displays a warning message on the display device 110 provided at the
exit, the display device 20 provided in each product registration device 3000, or the display
device provided in the guard room. indicate.

823 Moreover, when a gate is installed at the exit, the warning unit 5040 may perform processing
for closing the gate when the warning condition is satisfied. By doing so, the customer is
prevented from exiting the exit, and thus it is possible to prevent the customer who has not
made the payment from leaving by mistake.

827 Moreover, when a membership system is introduced in the store that operates the settlement
system 2000, the warning unit 5040 may issue a warning using member information.
Specifically, it is assumed that the member’s image (face photo, etc.) and the member’s
contact information (e-mail address, etc.) are registered in advance as member information. If
the warning condition is satisfied, the warning unit 5040 accesses a database or the like in
which member information is stored, and searches for images of members in which the same
customer as the third customer image is shown. Then, when there is such an image, the
warning unit 5040 sends a warning message to the contact of the customer indicated by the

member information indicated by the image. For example, the warning unit 5040 sends _an e-
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mail containing a warning message to the customer’s e-mail address. By using the member
information, it is possible to send a warning message directly to the customer. Therefore,
even if the customer mistakenly forgets to pay the bill and leaves the exit, the customer can
be warned so that other people do not know about it. Therefore, the customer’s privacy can
be protected.

841 <Specific example> The operation of the settlement system 2000 of the second embodiment
will be specifically illustrated. FIG. 14 is a diagram illustrating an operational environment of
the settlement system 2000 of the second embodiment. In FIG. 14, the settlement device
4000 is installed in the area 80 . Exit 90 is the exit of area 80 . Gate 100 is the gate through
which customers exit exit 90 . In FIG. 14, the third imaging section 5020 is provided in this
gate 100.

847 Normally, after using the commodity registration device 3000, the customer uses the
settlement device 4000 to make a settlement. The settlement device 4000 changes the value
of the completion flag associated with the first customer image selected by the customer via
the input reception unit 4100 to "completion of settlement” when the settlement of the
customer is completed.

852 When the customer passes through the gate 100, the third imaging unit 5020 images the
customer and generates a third customer image. Then, the warning unit 5040 determines
whether or not the completion flag associated with the first customer image showing the
same customer as the customer shown in the third customer image indicates “incomplete
payment”. As described above, if the customer has completed payment, the completion flag
indicates "payment completed”. Therefore, the warning unit 5040 does not perform warning
processing.

859 On the other hand, if the customer has not completed the payment, the completion flag
associated with the first customer image showing the same customer as the customer shown
in the third customer image indicates "incomplete payment". In this case, the warning unit
5040 performs warning processing. For example, the warning unit 5040 closes the gate 100
and displays a warning message on the display device provided at the gate 100 .

864 <Action/Effect> The settlement system 2000 of the present embodiment can be used when
the completion flag associated with the "first customer image showing the same customer as
the customer depicted in the third customer image" indicates that settlement has not been
completed. , perform warning processing. This means that the customer will be warned if
they attempt to (or exit) the exit before checking out for their purchases. Therefore,
according to the checkout system 2000 of the present embodiment, it is possible to prevent
the customer from forgetting to pay the checkout and go home, thereby preventing troubles
between the customer and the store. .

g72 In addition, when there is no first customer image whose third similarity is equal to or higher
than the third threshold, the warning device 5000 displays the second candidate image and
prompts the salesclerk browsing the display device 110 to select the second candidate
image. . For example, what the customer is wearing may be different depending on when the
product registration device 3000 is used and when the customer leaves the exit. Specifically,

it is conceivable that the customer removes the mask worn when_usin the}Product
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registration device 3000 before leaving the exit. In such a case, although there is actually a
first customer image showing the same customer as the customer shown in the third
customer image, the third similarity between them will be low. Therefore, even if a customer
who has not completed payment exits the exit, no warning will be issued.

gs2 According to the warning device 5000 of this embodiment, the second candidate image is
displayed when there is no first customer image whose third similarity is equal to or higher
than the third threshold. It is possible to visually determine whether or not there is a second
candidate image in which the same customer is shown. Then, when there is a second
candidate image in which the same customer as the customer who is about to leave the exit
is present in the clerk’s eyes, the clerk selects the second candidate image, and the warning
device 5000 It is determined whether or not payment based on the payment information
associated with the second candidate image has been completed. Then, the warning device
5000 performs warning processing when the settlement is not completed. Therefore, the
warning device 5000 of the present embodiment can more reliably prevent the customer
from forgetting to pay the bill and going home by using the judgment by the person.

893 Although the embodiments of the present invention have been described above with
reference to the drawings, these are examples of the present invention, and combinations of
the above embodiments or various configurations other than those described above can also
be adopted.

g97 Examples of reference forms are added below. 1. A checkout system having a product
registration device and a checkout device, wherein the product registration device includes
first imaging means for generating a first customer image including the customer, and
checkout for the first customer image used for product checkout and generating means for
generating association information that associates information, and the settlement device
includes: second imaging means for generating a second customer image including a
customer; a first display control means for displaying a candidate image, which is a candidate
for the first customer image in which the customer is shown, on a display device that can be
viewed by the customer. 2. a first calculating means for calculating a first degree of similarity
between the customer appearing in the second customer image and the customer appearing
in each of the first customer images; acquisition means for acquiring the settlement
information associated with the first customer image when there is a first customer image
showing a customer whose degree of similarity is equal to or higher than a first threshold;
Display control means displays the candidate image when there is no first customer image
showing a customer whose first similarity to the customer shown in the second customer
image is equal to or greater than a first threshold; . payment system described in . 3. 2. The
settlement device has input reception means for receiving a selection operation on the
candidate image, and the acquisition means acquires the settlement information associated
with the selected candidate image; payment system described in . 4.The settlement device
has determination means for determining that there is no first customer image in which the
same customer as the customer in the second customer image is present when the candidate
image is not selected.3. payment system described in . 5. The first calculation means

calculates the first similarity when there is no first customer image showing a customer.
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whose first similarity to the customer shown in the second customer image is equal to or
greater than a first threshold. Using a method different from the method, the second
similarity between the customer appearing in the second customer image and the customer
appearing in each of the first customer images is calculated, and the first display control
means performs the 1. displaying, as the candidate image, a first customer image showing a
customer whose second similarity to the customer shown in the second customer image is
equal to or greater than the first threshold; to 4. The settlement system according to any one
of the preceding claims. 6. If there is no first customer image showing a customer whose first
similarity to the customer shown in the second customer image is equal to or greater than a
first threshold, the first display control means displays 2. Displaying as the candidate image a
first customer image in which a customer whose first similarity with the customer in the
image is equal to or greater than a second threshold smaller than the first threshold is
displayed;

933 to 4. The settlement system according to any one of the preceding claims. 7. The settlement
system has a plurality of the commodity registration devices and a plurality of settlement
devices, and the first display control means is generated by the commodity registration
device associated with the settlement device having the first display control means 1.
displaying the obtained first customer image as the candidate image; to 4. The settlement
system according to any one of the preceding claims. 8. The generating means generates the
association information further indicating the imaging time point of the first customer image,
and the first calculating means calculates the difference between the imaging time point and
the current time for the first customer image within a predetermined time. 2. Calculate
similarity. to 6. The settlement system according to any one of the preceding claims. 9. The
generating means further associates, in the association information, a completion flag
indicating whether the settlement using the settlement information indicated by the
association information has been completed, and the settlement system is equipped with the
settlement device a third imaging means for generating a third customer image including the
customer at the exit of the area; and the completion flag associated with the first customer
image in which the same customer as the customer appearing in the third customer image is
captured indicates that settlement using the settlement information has not been completed,
warning means for performing warning processing;1. to 8. The settlement system according
to any one of the preceding claims. 10. The warning device has a second calculation means
for calculating a third degree of similarity between the customer appearing in the third
customer image and the customer appearing in each of the first customer images; When
there is a first customer image showing a customer whose third similarity is equal to or
higher than the third threshold, the first customer image is transferred to the first customer
image showing the same customer as the customer shown in the third customer image. If
there is no first customer image showing a customer whose third similarity is equal to or
higher than the third threshold, the warning device will second display control means for
displaying a second candidate image, which is a candidate for the first customer image, on
the display device provided at the exit; and second input reception means for receiving an

input for selecting the second candidate image and, if there is no first customer ima%e
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showing a customer whose third similarity is equal to or higher than the third threshold, the
warning means has the second 9. The candidate image is the first customer image in which
the same customer as the customer in the third customer image is shown;

965 payment system described in . 11. If there is no first customer image showing a customer
whose third similarity is equal to or higher than the third threshold, the second calculation
means uses a method different from the method for calculating the third similarity ,
calculating a fourth degree of similarity between the customer appearing in the third
customer image and the customer appearing in each of the first customer images; 10.
displaying the first customer image in which the customer whose number is equal to or
higher than the threshold is shown as the second candidate image; payment system
described in . 12. 10. The second display control means displays, as the second candidate
image, a first customer image showing a customer whose third similarity is smaller than the
third threshold and equal to or greater than a fourth threshold; The information processing
system accordingto. 1 3. 1. 12. Asettlement device included in any one of the
information processing systems. 1 4. 2> Ea—4%% 1 3. A program that operates as
the settlement device described in . 15. A settlement method executed in a settlement system
having a commodity registration device and a settlement device, wherein the commodity
registration device generates a first customer image including the customer in a first imaging
step; A generation step of generating association information in which settlement
information used for settlement of goods is associated with one customer image; a second
imaging step of the settlement device generating a second customer image including the
customer; and a first display control step of displaying a candidate image, which is a
candidate for the first customer image in which the same customer as the customer in the
second customer image is shown, on a display device that can be viewed by the customer. .
16. a first calculation step in which the settlement device calculates a first degree of
similarity between the customer depicted in the second customer image and the customer
depicted in each of the first customer images; Acquisition for acquiring the settlement
information associated with the first customer image when there is a first customer image
showing a customer whose first similarity to the customer shown in the customer image is
equal to or higher than a first threshold and the first display control step is performed when
there is no first customer image showing a customer whose first similarity to the customer
shown in the second customer image is equal to or higher than the first threshold 15.
displaying said candidate image; Settlement method described in . 17. 16. The settlement
device has an input reception step of receiving a selection operation on the candidate image,
and the acquisition step acquires the settlement information associated with the selected
candidate image;

ggs Settlement method described in . 18. 17. The settlement device has a determination step of
determining that there is no first customer image in which the same customer as the
customer appearing in the second customer image is present when the candidate image is
not selected; Settlement method described in . 19. The first calculating step calculates a first
similarity when there is no first customer image showing a customer whose first similarity to

the customer shown in the second customer image is equal to_or greater than a first
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threshold. calculating a second similarity between the customer appearing in the second
customer image and the customer appearing in each of the first customer images using a
method different from the method, and the first display control step includes: 16. Display as
the candidate image a first customer image in which a customer whose second similarity to
the customer in the second customer image is equal to or greater than the first threshold is
displayed; to 18. The settlement method described in any one. 20. In the first display control
step, when there is no first customer image showing a customer whose first similarity to the
customer shown in the second customer image is equal to or higher than a first threshold,
15. Displaying as the candidate image a first customer image in which a customer whose first
similarity with the captured customer is equal to or greater than a second threshold smaller
than the first threshold is displayed; to 18. The settlement method described in any one. 21.
The settlement method includes a plurality of the product registration devices and a plurality
of the settlement devices, and the first display control step is performed by the product
registration device associated with the settlement device that executes the first display
control step 15. displaying the generated first customer image as the candidate image; to 18.
The settlement method described in any one. 22. The generating step generates the
association information that further indicates the imaging time point of the first customer
image, and the first calculating step is performed on the first customer image in which the
difference between the imaging time point and the current time is within a predetermined
time. Calculate similarity16. 20. The settlement method described in any one. 23. The
generating step further associates, in the association information, a completion flag
indicating whether or not the settlement using the settlement information indicated by the
association information has been completed, the settlement system further has a warning
device, and the The settlement system comprises a third imaging step in which the warning
device generates a third customer image including a customer at the exit of the area where
the settlement device is installed; a warning step of performing a warning process when the
completion flag associated with the first customer image in which the same customer as the
customer who is present indicates that the settlement using the settlement information has
not been completed; , 15.

1033 22. The settlement method described in any one. 24. The warning device has a second
calculation step of calculating a third degree of similarity between the customer appearing
in the third customer image and the customer appearing in each of the first customer
images, and the warning step comprises the When there is a first customer image showing
a customer whose third similarity is equal to or higher than the third threshold, the first
customer image is transferred to the first customer image showing the same customer as
the customer shown in the third customer image. If there is no first customer image in
which the customer whose third similarity is equal to or higher than the third threshold is
present, the customer image is the same as the customer in the third customer image. a
second display control step of displaying a second candidate image, which is a candidate for
the first customer image, on the display device provided at the exit; and the warning device
receives an input for selecting the second candidate image and a second input receiving

step, wherein if there is no first customer image showing a customer whose third similarity
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is equal to or higher than the third threshold, the warning step is performed through the
second input receiving step 23. The selected second candidate image is the first customer
image showing the same customer as the customer shown in the third customer image;
Settlement method described in . 25. In the second calculation step, if there is no first
customer image showing a customer whose third similarity is equal to or higher than the
third threshold, a method different from the method for calculating the third similarity is
used, Calculate a fourth degree of similarity between the customer appearing in the third
customer image and the customer appearing in each of the first customer images; 24.
displaying the first customer image in which the above customer is shown as the second
candidate image; Settlement method described in . 26. 24. The second display control step
displays, as the second candidate image, a first customer image including a customer whose
third similarity is smaller than the third threshold and equal to or greater than a fourth
threshold; Settlement method described in .

1059 This application claims priority based on Japanese Patent Application No. 2015-072035
filed on March 31, 2015, and the entire disclosure thereof is incorporated herein.
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Notice

This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate,

complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant or

financial decisions, should not be based on machine-translation output.

CLAIMS W0O2016158748A1

1.

13 A checkout system having a product registration device and a checkout device, wherein the

2.

product registration device includes first imaging means for generating a first customer image
including the customer, and checkout for the first customer image used for product checkout
and generating means for generating association information that associates information, and
the settlement device includes: second imaging means for generating a second customer image
including a customer; a first display control means for displaying a candidate image, which is a
candidate for the first customer image in which the customer is shown, on a display device
that can be viewed by the customer.

24 a first calculating means for calculating a first degree of similarity between the customer

3.

appearing in the second customer image and the customer appearing in each of the first
customer images; acquisition means for acquiring the settlement information associated with
the first customer image when there is a first customer image showing a customer whose
degree of similarity is equal to or higher than a first threshold; The display control means
displays the candidate image when there is no first customer image showing a customer
whose first similarity to the customer shown in the second customer image is equal to or
higher than a first threshold. Item 1. The settlement system according to Item 1.

35 3. The settlement according to claim 2, wherein the settlement device has input reception

means for receiving a selection operation on the candidate image, and the acquisition means

acquires the settlement information associated with the selected candidate ima e system,
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4.

41 4. The settlement device has determination means for determining that there is no first
customer image in which the same customer as the customer appearing in the second
customer image is present when the candidate image is not selected. Payment system as
described.

5.

48 The first calculation means calculates the first similarity when there is no first customer image
showing a customer whose first similarity to the customer shown in the second customer
image is equal to or greater than a first threshold. Using a method different from the method,
the second similarity between the customer appearing in the second customer image and the
customer appearing in each of the first customer images is calculated, and the first display
control means performs the 5. Any one of claims 2 to 4, wherein a first customer image
showing a customer whose second similarity to the customer shown in the second customer
image is equal to or higher than the first threshold is displayed as the candidate image.
payment system described in .

6.

e0 If there is no first customer image showing a customer whose first similarity to the customer
shown in the second customer image is equal to or greater than a first threshold, the first
display control means displays 5. A first customer image in which a customer whose first
similarity to the customer in the image is a second threshold value smaller than the first
threshold value is displayed as the candidate image. payment system as set forth in paragraph.

1.

68 The settlement system has a plurality of the commodity registration devices and a plurality of
settlement devices, and the first display control means is generated by the commodity
registration device associated with the settlement device having the first display control means
5. The settlement system according to any one of claims 1 to 4, wherein said first customer
image thus obtained is displayed as said candidate image.

8.

76 The generating means generates the association information further indicating the imaging
time point of the first customer image, and the first calculating means calculates the difference
between the imaging time point and the current time for the first customer image within a

predetermined time. 7. The settlement system according to anyPone of claims 2 to 6, wherein
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the degree of similarity is calculated.

9.

84 The generating means further associates, in the association information, a completion flag
indicating whether the settlement using the settlement information indicated by the
association information has been completed, and the settlement system is equipped with the
settlement device a third imaging means for generating a third customer image including the
customer at the exit of the area; and the completion flag associated with the first customer
image in which the same customer as the customer appearing in the third customer image is
captured 9. The settlement system according to any one of claims 1 to 8, further comprising: a
warning means for performing a warning process when indicates that the settlement using the
settlement information has not been completed.

10.

g6 The warning device has a second calculation means for calculating a third degree of similarity
between the customer appearing in the third customer image and the customer appearing in
each of the first customer images; When there is a first customer image showing a customer
whose third similarity is equal to or higher than the third threshold, the first customer image
is transferred to the first customer image showing the same customer as the customer shown
in the third customer image. If there is no first customer image showing a customer whose
third similarity is equal to or higher than the third threshold, the warning device will second
display control means for displaying a second candidate image, which is a candidate for the
first customer image, on the display device provided at the exit; and second input reception
means for receiving an input for selecting the second candidate image and, if there is no first
customer image showing a customer whose third similarity is equal to or higher than the third
threshold, the warning means has the second 10. The settlement system according to claim 9,
wherein the candidate image is the first customer image showing the same customer as the
customer shown in the third customer image.

11.

713 The second calculation means uses a method different from the method for calculating the
third similarity when there is no first customer image showing a customer whose third
similarity is equal to or higher than the third threshold, A fourth degree of similarity between
the customer appearing in the third customer image and the customer appearing in each of
the first customer images is calculated, and the second display control means sets the fourth
similarity to the third threshold value 11. The settlement system according to claim 10,
wherein the first customer image including the above customer is displayed as the second
candidate image.
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12.

124 11. The second candidate image according to claim 10, wherein said second display control
means displays, as said second candidate image, a first customer image including a customer
whose third similarity is smaller than said third threshold and equal to or greater than a
fourth threshold. information processing system.

13.
1317 A settlement device included in the information processing system according to any one of
claims 1 to 12.

14.
136 A program for operating a computer as the settlement apparatus according to claim 13.

15.

140 A settlement method executed in a settlement system having a commodity registration device
and a settlement device, wherein the commodity registration device generates a first
customer image including the customer in a first imaging step; A generation step of
generating association information in which settlement information used for settlement of
goods is associated with one customer image; a second imaging step of the settlement device
generating a second customer image including the customer; and a first display control step
of displaying a candidate image, which is a candidate for the first customer image in which
the same customer as the customer in the second customer image is shown, on a display
device that can be viewed by the customer. .
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Notice
This transistion Is machine-generated. [t cannol be guaraniced that it 1s intelligible, sccurate, complete, reliable or
fii for specific purposes. Critical decisions, such as com mercially relevant or financial decisions, should not be

based on machine-translation output.

DESCRIPTION CN108367487A

0 Print 3D objects using automatic dimensional accuracy compensation

00017

14 Technical field

10002]
18 The present disclosure relates generally to three-di mensional (3D) printing or additive manufacturing, snd

more specifically to improving scale accuracy when creating 30 objacts,

00031

ssbackground

[0004]

27 Creating 3D objects presents special chalienges in terms of the complexily of modeling the 31 objects and the
complexity of generating the 3D objects to accurately depict real-life objects.

25 Many 3D printers or additive manufscturing devices print or generate objecis from 2 3D model generated {rom
a compuier-aided design application, such as by slicing the model into thin horizontal lavers and depositing
material vertically layer by layer (e.g, melted plasiic, clay, concrete, metal powder, food).

32Layer height (thickness) is typically selected via a user interface (U1} control that allows either a direct fixed
setting of the layer height {(e.g, .25m m or 250 microns) or in a simpler general form with correlation to
standard printer items Layer resolution associsted with s predetermined layer height (e g, fins, standard,
coarse, ete. b,

26 Layer height or layer resolution is closely linked 1o the trade—off beiween print speed versus vertical step

resolution print quality. Contemporary slicing applications (slicing rzregrams) renerally fall to taks into

Petitioner Exhibit 1002-2832
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aceount the impact of fixed laver height on the overall vertieal scale accuracy of the printed object.
Quantization in the form of fixed-height layer slices can result in a vertical {z-axis} scale error of +-50% for the
selected layer height {e.g .125m m for 2.25m m layer heighs), larger than what can typically he achieved by a
well-tuned 3D printer. The resulting typical x-y plane scale of 2 microns (.002m m} is two orders of

magnitude more accurate.

L0005

s &s aresull of blind seleciion of layer heighis, 3D printed objects turn out to have verticsl or 2-axis features
{including the top of the object) aligned with multiples of the desired layer height and with potentially large

rrors in the z~dimension of the printed object.

4 Forexample, printinga 1.12m m 3D object using 250 micron layers will resull in an object that isactually Imm
tall, or 2 12% error. This error occurs because the object would require 4.48 layers, but the slicing program
rounds down to 4 layers. The effect of this error is not imited io the top of the abject, but to all features of the
object at different z-level heights. For exam ple, consider printing a chalr object where the step increments are
not aligned with the laver height. This configuration results in errors at every step up to the upper surface of the
obiject. Typicslly controlied by steppers or servo motors or other moving devices, 30 printer hardware s

capable of much higher accuracy in the Z axis - in practice, typleally in the range of 10 microns to less than 1
micron {100 steps/mm - 1600 steps/m m) resolution. This fine positioning control in the z-sxis hardware
resalts in the creation of objects with 2-scale accuracy in the range of 1-10 microns (8.1% to 1% error).

Accordingly, improvemenis to the 3D priniing process can be made

10006]

g2 Bverview

10007]

g6 Hlusirative examples of the present disclosure include, but are not limited to, methods, svstems, and various
devices.

s8I one aspeet, scale accuracy may be improved when generating three-dimensional (3D} objects that include
multiple formable layers,

7o Recelves at least one height configuration parameter and the total object height. A {irst height corresponding io
at least a subset of the plurality of for mable layers is selected based on the recelved at least one helght
configuration parameter and the total ohiect height. The first height may be selected to optimize accuracy of at
lsast one of the at least one height configuration para meter or the total object height. The first height can be

passed to a 3D printer to generate a 3D object.

10008]
7¢ (ther features of the system and methods are described below.

79 Fealures, functions, and advantsges may be implemented independenily ineach example, or may becom med
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in yet other examples, and further detsils of the features, functions, and advantsges may be seen with reference
to the following description and drawings.

[0009]

s5 Brief description of the drawings

23 Varlous embodiments of the present disclosure will be described more fully hereinafier with reference to the

accompanying drawings, in which:

94 Figure 1 depicis an example of a compuiing device in com munication with a 3D printer capable of printing
three-dimensional (31}) objects.

0012
goFigure 2 deplcts an example perspective view of a 3D object split into a set of 2 layers, sach lsyer havinga

different thickness or layer height.

104 Figure 3 depicis an exam ple process for segmenting an object into layers vis a slicing program assocliated with
2 3D printer,

[0014]
109 Figure 4 depicts an operationsl procedure for selecting laver heights for at least a subset of a plurality of layers
forming s 3D object.

0015]
114 Figure 5 depicis an example of a more detailed operational procedure for selecting a global layer height and a

localized laver height {or at least a layer subset of a 3D object.

[6018]
119 Figure 6 deplets another example of a detalled operational procedure for seleciing a layer height of at least a
layer subset of a 3D object.
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0017
12¢ Figure 7 depicts an exam ple process {or seg menting an object into layers by a slicing program assoclated witha

3D printer in accordance with the operaiing procedures of Figures 4 and/or 8.

129 Figure 8 depicts an exam ple process {or seg menting an object into layers by a slicing program assoclated witha

3D printer according to the operating procedures of Figures 4, Sor 6.

[0019]
13¢ Figures 94 and 98 depict example perspective views of a 3D object with certain z-axis features positioned

between layers of the 3D object.

10020
139 Figure 10 s an example general computing environment in which techniques described herein may be

imple mented.

0021]

122 Detailed description of lustrative embodiments

[0022]
148 At least for the purposes of this specification, the terms and phrases selected herein may have the following

W eanings:

[0023]

i538) Bed Leveling: Refers to the 3D printer calibration process that measures the height of the print nozzle (hot
end) relative to the surface on which the printed ohiect will be made {also known as the print surfsce, print
hed, build plate).

156 The calibration process may include moving the printhead across the print bed and stopping at multiple
locations to measure the clesrance between the nozzle and the surface,

158 Calibration measuremenis may be used by the printer conirolier to adjust the z-axis heighi during printing, or
may be used by the slicing program 1o adjust the layver height of one or more layers where it is necessary to

co @ pensale the printer al the point being measured. Changes in nogzle-surface clearance.

10024 " -
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162 b5) Feature: refers to any area or aspect of the 3D model in which the scale tolerance of the printed object is
important.

[0025]
169 ¢) Locsl festures: refers to 3D model features such as vertical slopes or sloping surfaces, or high/low points that
have a higher/lower height than nearby surrounding surfaces but always lower than the total height of the 3D

model {also known as maxima) /minimum) of those surfaces.

175 d) Layer: A single incre mential z-axis fixed-height plane horizontal slice of the 3D model through which the

3D printer is guided to deposit material on the platform or forwardly deposited laver of material

10027]

180 ) Slice: refers to a single {usually vertical} section layer of 5 3D object model

[0028]

s84f) Slicing program: a software program that converts a 3D object model into a collection of sliced layers of one
or more layer heights.

186 The siiced layers may be viewed graphically on s display or converted into tool path com mands used to
instruct the 3B printer to create a physical representation of the 3D object model,

198 Slicing program functionality may be implemented entirely or partially on a mobile or other personal
computing device, on computing components within a 3D printer, or locally or re motely that may include
physical or virtualized com puting rescurces (e.g., data center servers, virtual machines) executed on the
computing environment.

[0029]
158} Global layer height: refers to the layer height defined by the print quality selection {e.g., coarse, normal,
fine}, which is adjusted as needed to produce precise and in some cases the m ost accurate oversll resulis in the

30 printed object. Height scale, as specified by the corresponding model data,

[6030]

zo1 b} Optimal layer height: refers to the layer height that is such that when combining multiple parameters such
ag, for example, tolerances for multiple object model helght charscleristics, minimum resolution capabilities
of 3D conductor rows, or local layer height characteristics {proximity to other layer height features}, the
printed 31 object height features have exactly the same scale as the model or as close to the scale as can be
achisved.
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[0031]
2051} Height configuration parameter: Specifies the height aspeect (z-axis scale) of the 3D model or object.
216 For example, this could be, but is not limited to, nominal story height, overall height, local feature height,

height tolerance, z-axis helght tolerance for vertical slopes or curved surfaces, ete

[0032]
253 Total height: refers to the distance from the lowest surface of the 3D model to the highest surface or highest

point (ie, the toial z-axis scale).

[0033]

220 This article describes syste ms and techniques for selecting layer heights to generate 3D objecis to Improve the
scale accuracy of the generated 3D objects.

252 Tn this aspect, the layer height may be determined based on the toial height {2-sxis scale) of the 3D object
model to be generated using a 3D printer or other additive manufacturing technology and at least one height
configuration parameter that may be obtained or received.

225 The laver helghts selected for al least s subset of the plurality of formable material layers to be printed to form
the 3D object may be determined based on the total object height and at least one helght configuration
parameter,

22z The laver helght may be selected 1o maximize the accursey of ai least one of the total helght of the 30 objector
one or more local/global maximum height features or other configuration param eters of the 3D object model

230 In some aspects, for example, based on design considerations or user choices/preferences, optimal layer
heights may be calculated and printed using nominal or current laver heights to achieve the next local/global
maximum height feature of the 3D object model or to achieve the total object height. The required remaining
layers are selected with assoclaied errors.

234in some aspects, when selecting an optimal layer height, the error associated with the total object height is
compared to the error sssoclated with using the nominal or current layer height to print the remaining layers
to achieve the next local maximum height characieristic of the 3D object model Errors may be weighted
more heavily, vice versa, or in any proportion {e.g., based on user preference, ete.).

232 [0 so me aspects, the calculated positive error in printing the remaining layers to reach the next local/global
maximum height characteristic of the 3D object model or o reach the total object heighi can result ina
selection due to a slightly higher print resclution than the user selected. The layer height is slightly smaller
than the siice layer helght, while the negative error of selecting a slightly higher layer height can be stiributed

to the slightly lower print resolution and not being selected.

10034]
245 In some cases, height configuration parameters that may be obtained or received may include print resolution

{e.g, slice layer height}, such as a selection of fine, standard, or coarse print modes (imilar to inkjet or other
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sach printers). ), user-selecied layer height value {e.g, 250 microns), selection of the total height of the 3D
object {with corresponding tolerances or required accuracy), local/global meximum/minimum height
characteristics of the 3D object {with corresponding tolerances} or required accuracy), one or more layer
helght variance constraints {e.g., 1o preserve uniform ridges on vertical walls or side walls of a 3D obiect by

not changing the laver height too much), ete.

L0035

255 In some cases, asingle level height value can be selected as the global level height

257 In this scenarlo, the global layer height can be chosen so that the total object height is as close as possible to an
gven multiple of the layer height.

259 In some sspects, the total number of layers may also be chosen in conjuncilon with the global layer height to
be equal to or optimally close to the total object height.

261 Global layer height.

257 May also be selected to maximize the accuracy of at least one height configuration parameter {such as print
resolution, user-selected layer height value}, or to meet tolerance values, or 1o maximize the accuracy of one
or more local maxima/minimum helght characteristics. Error minimizaiion

265 1t should be appreciated that several different techniques may be used to determine global or other layer height

values, including the weighting schemes described sbove, machine learning techniques, and the like

[00386]

270 Tn some sspects, the described techniques may also include local optimization of layer heighis {eg, dynamic
adjustment of layer heights) corresponding to subsets of multiple lavers that forw local maximum/minimum
height characteristics of the 3D object.

273 In some cases, selection of layer heighis corresponding to a subset of lavers may be performed inasimilar
manner as described above for global laver heights.

275 In some cases, the total height or -dimension of the layer subsel may be considered the total object height.

276 in some aspects, the localized error can be weighied less heavily than the global error, such that for selecting
one or more layer heights, the total object height/total height of the layer subset is more scruraie than the
local 2-scale accuracy. 1w portant {actor.

276 In other cases, acceptable error bounds may be configured or selected individually.

10037

283In some aspects, a 3D printing software applicaiion {generally referred to as a slicer or 3D printing driver)
{which may execute on a computing device} may perform the above for seleciing one or more layer heights
ol a 3D obiect to be printed or generated. Technology.

a6 Any of, for example, several input devices of the computing device may be used to obtaln the total object
height and height conflguration parameters,

283 In some cases, the slicer or other device or application may determine the total object height and/or based on

a model of the 3D obiect to be printed {e.g., from a compuier-aided design (CAD) package, image data from
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a 3D scanner, ete.) One or more helght configuration parameters {e.g., identifying z-axis festures) so that

scale accuracy optimization can be performed dynamically.

[0038]
295 In some cases, the laver helght associated with the first laver helght may be selecied individually, suchas
selected to be greater than the global or other layer height associaled with the 3D obiect, to ensure that the

ayer adheres to the print bed during printing,

-...

botiom |
298 It should be spprecisted that any of several individual 3D object height feature layers, or asubset of 31 object
helght feature layers, may be configured separaiely via a similar process that will be described in more detail

helow,

[0039]

so¢ It will be appreciated that the techniques deseribed can be applied to a variety of 3D object generation
techniques implementing fixed layer approaches, such as extrusion techniques including fused deposiiion
wodeling (FD M), fused filament fabrication (FFF), direct ink writing (BIW ), or other additive
manufacturing technologies using slicing or lavering methods, such as Vat Photopoly merisation, material

ietting, binder jeiting, powder bad fusion, directed energy deposition, ete.

[0040]

52 F1G. 1 illustrales an example sysie m 100 including a computing device 110 in com munication witha 3D
printer 105 that can be configured to print s three-di mensional (3D} object 130,

214 Computing device 110 may include any of a laptop, desktop or personal computer (PC), a mobile device
{such as a smartphone, tablet, sic.), a networked device, a cloud computing resource, or a combination
thereof,

si7 Computing device 110 may com municate with 3D printer 105 via a wired connection or any of various
wireless connections 115 known to those skilled in the art.

212 3D printer 105 may have or be associated with any of a variety of transcelvers, modems, NICs, etc. {typically
associated with printer controller 117 ) to eom municate with computing device 110 via wired and/or wireless
connections 115.

3oz Generally speaking, computing device 110 may execute or access {via a network or via the cloud) one that
obtains 3D object data and converts the data Into instructions {eg, G-code) executable by printer controller
117 that controls 3D printer 105 or multiple software programs or applications to enabie the 3D printer 185 to
form the 3D object 130 by exiruding material in multiple {eg separately) configurabie layers 135 onto the
substrate 125,

o7 For purposes of reference and as used throughout this document, a software application (which in some cases
may include CAD components, CAM components, 3D image capiure and conversion functionality, ete.}
may bereferred to as a slicer or driver 165,

23 In most cases, slicer 165 will be associated with computing device 110.

sz However, i is coniemplated herein that slicing program 165 may be associaled in whole or in part with
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separaie 3D printer 105, which may, bui need not, be a function of or within printer controller 117 withowt

departing from the scope of the iechnology described herein. |

[0041]

s37 The 3D printer 105 may include one or more extruder assemblies 120 positioned on an object substrate or bed
125,

233 The extruder assembly 120 may be moved in at least the vertical direciion (z-axis) by a movement device 175,
which may include one or more sieppers or servo motors, as is generally known in the art,

341 The movement device 175 may also move the extruder assembly 120 in & horizontal plane (x or v axis), such
as along the upper plate 170 relative to the base 125,

sqz Other 3D prinier 105 designs {ix the exiruder 120 In the z-axis and allow it to move in the 3~ and y-axes when
the bed 123 is moved in the z-axis. Still other designs move the exiruder 120 in the z- and x-axes while
simultaneocusly moving the bed 125 in the y-axis Still other designs operate using a polsr coordinate system
to move the extruder 120 on a stationary bed 125, The technigues described herein are applicable to these
and other variations of 3D printer configurations such as DeltaParallel Kinematic (incremental paraliel
kinematic) printers. In some aspects, the extruder assembly 120 may include or house one or more filaments
150, such as spooled/stored in a spool 145, In other cases, filament 150 may be stored or contained in other
parts of 3D printer 105 or completely external to 3D printer 105, The extruder assembly 120 may also include
opposing roilers 155 that drive the fllament 150 into the heated nouzie 160 at a designated rate, whereby the
filament is melied and extruded into the most recently deposiied of the layers 135 previously deposited onto
the substrate 125 superior. Extruder assembly 120 may include means such as one or more motiors, other
drive mechanisms, ete., for controlling the raie at which fllament 150 is fed into and extruded from hested

nozzle 160 by roller 155 to control the layers. 135 in height of each floor.

[0042]

ss9 In accordance with the techniques described herein, the extruder assembly 120 may be controlled to extrude a
filament at a specified rate to deposit one or more layers of material 135 having a specific layer thickness or
having s specific z-dimension

262 In one aspect, the height of one or more of the layers 135 may be determined, such as based on the total heighi
140 of the 3D object 130 to be printed. In some aspects, the height of one or more of lavers 135 may be
deter mined based on st least one layer height configuration parameter, such as print resolution, a selected or
defsult layer height, hardware limitations of the 3D printer {e g, the highest possible z-axis resolution, or step
size thereof), or various tolerance values or error require ments corresponding to one or more layers 135 (eg,
maximum error values), eic. In some cases, tolerance values for certain local object maximum helght
characteristics or all 3D object height characieristics of the 3D object can be selected and can be based on
calculations on the localized feature maximum/minimum height, global laver height, or total 3D object
height. The error obtained is used to auto matically select the layer helght. In some aspects, slicing program
165 may determine or select one or more layer heights for printing 3D object 130 In still other cases,
computing device 110 and/or slicer 165 may provide a user interface for enabling a user to manuslly

configure or set one or more para meters for generating 3D object 130,
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[0043]

307 Figure 2 llustrates an example diagram of a 3D object (such as 3D object 130 of Figure 1) that is splitinto 2
sets of layers, each layer having a different thickness or laver height.

s7e The 3D object 130 may include a first or botiom portion 210 that includes a plurality of layers and has an
upwardly facing surface 215, The 3D object 130 may also include several steps 220 stacked on top of the
bottom portion 210, each step having a nearly uniform thickness and an upwardly {acing surface 225, 3B

obiect 130 may be {uriher defined by top surface 230.

[0044]

285 3D object 130 may be printed, for example, by 3D printer 105 according to several different configurations,
including different global layer heights, as represented by dashed lines 235 and dashed lines 240.

388 The laver height 235 is chosen based on the optimization described in this article for z-axis dimensional
accuracy, while the laver height 240 may represent a universal or default laver height. The layer height 235 is
smaller than the layer height 240 and Is more aligned with the upward facing surfaces 215, 225, resulting in less

z-axis error (as lliustrated by the distance mark 245).

10045]

ses In some cases, layer height 240 may be selected to most closely approxzimate z-axis features of 3D object 130,

396 In the iliustrated example, the story height 240 still results in some error in the z-axis {every other step 220 is
omitted), This may be due to print resolution limitations, such as coarse or standard modes that specify 8
minimum layer height {eg grester than each of steps 220 ). In other cases, other layer heights may be selected
to generate a best-{itiing 3D obiect that more accurately allgns with the data defining the 3D object. Insome
cases, higher resolutions can result in longer print times, while lower resolutions can result in faster print
times. Insome aspects, the maximum printtime may be selecied, such as by user selection, to limit or

otherwise constrain the maximum print resolution used.

[0048]

06 Figure 3 deplcts an exam ple process 300 for segmenting a 3D object 305 into layvers for 3D printing or 3D
generation,

408 At operation 310, 2 laver height may be selected {eg, a default layer height) for printing the 3D object 305
without adjusting the z-size characteristics of the 3D object 305, (G peration 310 may result in slicing object
305 into layers having thickness 315, At operation 330, sliced object 305 is then printed. Thickness 315 may
not be a multiple of total object height 320, and therefore may result in an error in the total object height at
325d. Level height 315 may also not align with other stepped portions of 3D object 305 {eg, portions 3253,
325¢, and 3251), and/or may result in considerable errors in sloped portions of 3D object 305 {eg, 325b and
325¢} .
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10047

4184 llustrates an example operational procedure 400 for selecting layer heights for at least a subset of 8 plurality
of layers to form a 3D object and improve z-dimensional accuracy.

420In some examples, procedure 400 may be performed by slicer 165, computing device 110, 3D printer 105, ora
combination thereof Procedure 400 may begin at operation 402, where at least one height configuration
parameter or tolal object height may be oblained. In some cases, operation 402 may include receiving the at
least onie helght configurstion parameter or the total object helght as a selection or input event via a user
interface operaiing in conjunction with slicer 165 (eg, provided via computing device 110 ). In some cases,
one or more of the height conflguration param eters or the total object height may be oblained or determ ined
hased on 3D ohject data {eg, associsted with s 3D model of the object io be printed). In some aspects, the 3D
object data may be accessed from a CA D or other modeling application or program, or obtalned from a 3D

scanner or associated application, or from other locations or applications.

[0048]

zinsome sspects, 3D object models may have localized helght {eatures that may need to be printed with
specified accuracy or size tolerances,

43¢ For example, when a portion of the 3D object model data is selected (e.g, via CAD software or a user interface
associated with slicing program 165, ete.}, a higher or specilled tolerance (Le., error margin) may be assigned
that must be met ), so that the 3D object data is to be sent to the 3D printer and actually printed. Selectinga
portion of the 3D object data may include identilving one or more z-axis features of the 3D object data, such
as by a graphic. [n some cases, accuracy requiremenis or tolerances may be suto maiically assigned to certain
height values/layers of the 3D object model and specified in the height configuration perameters. In some
aspects, the user interface may provide a visual representation including a specific height of 3D objects that
will form various layers, such as in a preview or print preview format or screen. This can make it easier and
more efficient for designers to optimize the layer heighis for printing 3D objects when, for example, not all
tolerance requirements for a particular laver can be met in one pring, or in other siinations, such as with fully

custom printing and identify specific locations assoclated with different accuracy require ments.

[0044]

<2 W hen s user selectsa 3D model and prepares io print the modeled object on a 31 printer, a user interface
{UT} may be presented to the aser to select various options that affect the quality of the printed object, the
quality of the object it will print. speed, and other user-selectable related parameters,

451 The U1 may he incorporated into slicer 165, the printing application that is executed when a print com mand
is issued from an application executing on compuiing device 110 {a g, clicking s print button), or otherwise
{e.z, a cloud service) at the actual layer of execution before high calculation and model slicing capabilities, In
one embodiment afeature may be provided that sliows s user to activate 3D printing functionality from a 3D
computer-aided design/modeling (CAD) application. This feature may include presenting a menu of 3B
printer or vending machine services for the user to select. Upon user selection, the feature may present a U1

that presents the user with resolution and other configuration parameter settings (eg, coarse mods, s a ds rd
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mode, fine mode, with/without rafl, support) for selection. Becauss the Ul is sctivated directly from the CAD
application, the Ul can have direct and easy access to data related to the 3D model {or generating parameter

options for selection by the user,

[0050]

464 The Ul can process data from the 3D model associated with the print request action, present configuration
ontions for selection by the user, or provide default parameter values based on simple calculations and other
parameters related to the characteristics of the 3D model that can be used by the slicing program 165 is used
to determine the optimal layer height for slicing the model into preparation for printing corresponding
objects.

49 The Ul application may recelve data describing a 30 model from which it may extract, determineg, and
identify {e.z., graphically for the user) not only the total 3D modeled object height, but also the fixed layer
heights selected for modeling the entire model Other features of interest may suffer from loss of dimensional
accuracy in the case of slicing. For example, the Ul may preseni a graphical representation of the model in
which features of interest are identified via markers, colors, circles, highlighting, or other means of identifying
features to the user. Selecting a festure {e.g., via user click, finger or stylus touch) may result in a presentstion
showing the feature’s modeled size value and the size of the feature when used with the selected resolution
setting (e.g, coarse, siandard, fine, user-defined) An option hox that associates layer heights with slicing cases
and enables the user to specify the maximum dimensional error for selected features. Additionslly or
allernatively, the Ul may present graphical objects that the user can use to scale the model to the varlous
dimensions required to adjust the printed object, and in addition to llusirating the modeled dimensions and
resulting errors at the current fixed resolution seiting. Preseni information aboul {estures of interest in lists or
other collections of U1factors. The Ul may present the calculated time to print the object given the current
configuration parameter option seitings and for the changed setiings. In this way, the user can evaluate the
trade-oifs between the choice of resolution settings, cholce of error tolerance, ete., and the time required to

print the obiject, The Ul may enable the user to control the dimensional accuracy of selected 3D model

[
)

features on demand o meet accursey requirem enis {or printing the object ina minimum amount of time
some cases, height configurstion parameters may include print resolution (such as a selection of fine,
standard, or coarse print modes {similar to inkjet or other sach printers)}, a selection from different print
resolution schemes, one or more selected layer height values {e.g, 250 microns for some layers and 150
microns for other layers), one or more selections of subsets of layers with corresponding tolerances or
required accurscy, one or more g tolerance or scouracy requirement, s maxinun print timeor minimum
print speed, one or more layer height variance constraints {e. g, to preserve ridges on vertical walls or side

walls of 2 3D object by not changing the layer height too much), etc. wait.

[0051]

6 In one example, a "Click to Fit” feature may be included in the 3D modeling UL in a print preview screen or
3D print dialog window, eic., which enables selection of one or more specific points on the z-axis features to
maximize accuracy.

495 The "elick fit” feature may be imple mented by drawing aregion {eg, a box} around one or more g-axis feat
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or other graphical selection actions by selecting a location on a 3D model of the 3D object to be printed or
rendered via the cursor. This feature can optimize error or tolerance calculations to provide solutions to
otherwise unsolvable constraints on 3D obiecis {e.g., by prioritizing which tolerances are most
important/which are less important). In one aspect, upon receiving a selection of a plane, instructions may be

sent to the slicing program to optimize the {it for that particular z-axis value or height.

[0052]

sos Procedure 400 may continue al operailon 404, where layer heights for ai least s subset of the phurality of layers
may be selected based on the total object height and the one or more height configuration param elers.

510 In some aspects, the global layer helght may be determined based on the one or more height configuration
parameters such that it is optimized to best fit some or all z-axis (e, helght) characteristics of the 3D object.

M ore details of operation 404 are described below with reference to Figures 5, 6, and 8

[0053]

516 Next, in some aspects, st operation 408, the slicer may generate alist of ool path com mands based on the
selected or determined laver height and object model data

518 The toolpath com mand list is typically generated in the form of G-code insiructing the 3D printer interms of
smotlon, material temperaiure and extrusion rate, print bed size, ete., and the 3D printer 105 based on the
deter mined laver height and object model data. Print or any other instructions needed {o generaie the entire
3D object. The toolpath com mand list is typically stored in s file {eg on s compuiing deviceorona
removable siorage medium (eg, SD card}) or transferred directly to a printer to print the 3D object 408
according to the generated toolpath com mands. Generating toolpath files is not imited to using G-code, but

can use any various formats or codes optimized {or 3D printers.

[0054]

sz Figure 5 illusirates an example of a more deiailed operational procedure 500 {or selecting a global layer height
and a localized layer height for at least a layer subset of a 3D abiect.

sz Like procedure 400, procedure 500 can be performed by slicer 165, compuling device 1180, 3D printer 105, or
a combination thereol Procedure 500 may share some operations with procedure 400; for the sake of brevity,

repested operations will not be described again here.

L0055

536 The procedure 500 may begin at operation 502, where height configuration param eters including a selection
of a 3D printing resolution and/or a specified laver height may be recelved, such as via a user interface
assoclated with or provided by the slicing program 185,

s33 Configuration parameters or specificailons for the 3D printer 105 may be received 502, such as by querying
the 3D printer 105 for hardware specifications, via the slicer 165, a driver associated with the 3D printer 105,

or including, for example, inan X ML or other type of file. In other ways, infor mation_may be obtained thai
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indicates the minimum z-axis or height incre ment that the 3D printer 105 is capable of (e, minimum prinler
resolution capability, such as 0.825 microns). Such protiles associated with a particular 3D printer may
coniain nominal print resolution (i.e., nominal layer height) settings for coarse, standard, and fine modes
specifisd along with other capabilities {e.g, automatic calibration}, or may be based on a specific 3D printer
capabiliities determine operating parameter settings to produce optimal print quality and speed associated
with default or user-selected modes. Next, in operstion 504, the total object height of the 3B objectto be
printed may be obtained. The tolal object height may be derived or obtained {rom the 3D object data, or may

be recelved via the user interface.

[0056]

553 Next, at operation 404a (which may include further details of operation 404 of Figure 4) the giobal layer height
may be determined.

55 Operation 404s may fivst include, at operation 506, based on one or more configuration parameters received
at operation 502, such as the minimum z-axis increment that the 3D printer 105 is capable of, the selecied 3D
printing resolution, and at 504 The total object height obtained) deter mines the optimal global layer height.

Ideally, the iotal height of the 3D object model will be evenly divisible by the determined optimal global layer
height. If the delermined optimal global layer height cannot be uniformly divided by the minimum height
resolution of the 3D printer 105, then the layer height that is higher or lower than the optimal global layer
height and can be uniformly divided by the minimum helght resolution of the 3D prinier 105 The closest

global layer height value can be a candidate for the global layer height.

L0057]

566 Determining to use a global layer height higher or lower than the optimal global layer height can be based on
the overall height accuracy/tolerance require mentis of the 3D oblect model, or simply based on which will
result in the printed object having the closest {higher or higher) The total height below the total height of the
3D model

56658]

s73In some cases, if the received height configuration parameters 502 indicate the presence of one or more local
height features in the 3D model that have tolerance or accuracy require ments, operation 508 may be
performed to determine whose layer heighis may be changed io achieve that A subset of layers with tolerance
OF accuracy raguire m ents.

577 Ideally, variations in layer height determined within this subset of layers {eg, less than +/-10% of the total layer
height) will be unnoticeable in the appearance of the outer surface of the resulting object printed from the 3D
model

580 For example, If 1is accuracy requires a local feature whose high point terminates at a poini in the middle {le, al
50%) of the global layer height slice, the height of the layer subset may be adjusted linearly or noni 1:19&113’ at
oneration 510 to M ake the local height feature reach as close as possible to the top of & laver in this subset of

layers. Linear square wave layer helght adjust ment can be achieved by selecting s subset of fen la 69 ave
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layers shove the feature and five layers below the feature), where the first five layers have a height 10% less
than the global layer height and the second five The layer has a height that is 10% greater than the global layer
height. One non-linear layer helght adjustment that can achieve the same size resulis as a linear sdjustment
bt with less noticeable visual i mpaci could be a sine wave approximation. In this case, each layer height of
the subset of lavers can be reduced at an incremental rate until an inflection point isreached, and atan

incre mental rate until a minimum layer height oceurs, with its surface layer at a height that matches the local
feature. A roughly sinusoldal approximation ls applied to the laver height changes to achieve a subset of ten
layers of local feature heights in the current example that can include coherent changes to the global layer
height value inthe following sequence: 6%, ~11%, -16% ~11%,-6%,+6%, +11%,+18%,+11%,+6%].

[0059]

595 Table 1 shows a comparison of accum ulated object heights, 1} 2 subset without adjusted layers, 2) a subset
with 10 layers adjusted using 2 linear layer height adjusiment scheme, and 3) a subset using nonlinear {e.g,
roughly sinusoidal Approximation} layer height adjusiment sche me to adjust a subset of 10 layers to meet the
local feature height dimensions at sublaver 5 at 50% of the global layer height of that layer.

oo The layer height values shown are in millimeters and the cumulaiive height s relative to the surface below the
ten lavers listed. Layer 5 in both the linear and non-linear subset laver adjusiment columns Is exactly 50%
lower than where the printed object surface would be with each subset laver adjustment, and is exactly where
the local height feature target Is Helght dimensions. Alter layer 5, the subset layer helght feature profile
compensates for the total giobal height resolution reduction from the first five heighi~adjusted subset layers by
adjusting the helghts of the last five subset layers, where by laver 18 this compenssation has been The subset
level height reduction is fully corrected and will be at the same secumulated level helght thai it would have
been if the local height characteristics were maintained, and the global level height will be used starting at the

next level,

[0061]

g1z It should be appreciated that there are many ways to determine a layer subset and adjust the layer height of that
layer subset, all of which will not be explicitly described herein.

si¢ However, most, if not all, of the caloulations used to defermine the number of subset layers and their heighis
may take into account other local features with a high degree of tolerance/accuracy that may be located within
the selected subset of layers, and in some cases, Compensates for the impact of collective subset layers with

different heights on the overall object height.

[0062]

21 Next, in some aspects, at operation 512, the slicing program may generate a st of tool path com mands based
on the selected or determined global layer height, local subset layer height (if any), and 3D object model data,

g23 The toolpath com mand list is typically generated in the form of G-code instructing the 3D printer interms of
motion, material temperature and exirusion rate, print bed size, etc., and the 3D printer 105 based on the

deter mined laver height and object model data. Print or any other instructions nesded {o generaie the entire
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30 obiect.

g77 The toolpath com mand list is typically stored in a file {eg, on a com puting device or on a removable storage
medivm (eg SD card)) or may be transferred direcily to a printer to print the 3D object 514 sccording to the
generated toolpath com mands. Generating toolpath files is not limited to using G-code, but can use any

various formats or codes optimized for 3D printers.

[0063]

s34 In other aspects, at operstion 512, the optimal layer height may be determined ina software module or
program, which may be used as 2 3D modeling CA D application on the computing device 118, inthe
computing device, in the 3D printer 105, locally. or part of or associsted with s 3D printer driver inaremote
computing environment, or a combination thereof.

33 As an alternative to or in addition to generating & st of tool path com mands, the sofiware module or program
may generate a list of optimal layer heights for slicing the object and send the list to a {ile stored on the storage
device or direcily to 3D at operation 514 Printer 105 where the resident slicer 165 module associaied with the

3D mode! printer will slice the model based on the list.

[0064]

545 LG, 6 ilustrates snother exanple of a detailed operational procedure 800 for selecting a layer height of at least
alayer subset of a 3D obiect.

s¢7 Iny so me aspects, procedure 800 may correspond to operations 508-510 described above with reference o
FIG. 5. Insome examples, procedurs 800 may be performed by slicer 185, computing devies 110, 3D prinier

105, or 2 combination thereot,

(0085
g53 The procedure 800 may begin al operation 802 after determining the giobal layer heighi st operation 506
described above with reference to FIG, 5.

55 Operation 602 may include deter mining whether local height feature data for the 3D model is avallable. If no
local aliltude characteristic dats is included in the received altitude configuration parameter daia, the
procedure 600 may end and continue to operation 512 . However, if local height characterization data is
available for the 3D model, the process 600 may continue to operation 604 where the received height
configuration parameter data may be analyzed to determine the local height characterization of the 3D
model, along with specifiad size tolerances or any associated data with error limits. Nexi, at operation 606, the
layer in the 3D model in which the closest local height feature exists may be determined, such as relative to the
current laver being modeled. In some aspects, operation 606 may include determining from lowest to highest

which global layer above the current layer being evaluated has the closest local height feature,

100661

ss7 The process 800 may then proceed o operation 808 where the portion of the global laver in which the local
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height feature peaks (s located.

69 For example, the number of layers from the base of the 3D object pattern to the local height feature can be
deter mined by dividing the height of the base feature by the determined global layer height, where any non-
zero remainder indicates where the local height feature is highest That part of the global layer helght of the
point. Next, at operation 610, the number of layer subsets whose heights can be adjusted to meet dimensional
accuracy (tolerance) require ments, if dimensional sccuracy require ments are specified for that height
characteristic, may be determined. This determination may be based on at leass the deter mined global layer
height, the portion of the global laver height in which the local height feature reaches its highest point, and the
sinimum z-axis helght resolution supported by the target 3D printer 105, user selection, ete. Onecan

achieve it.

10067

ss1 Next, at operation 612, any of several approximstion algorithms may be applied to adjust the determined
number of layers from operation 610,

ss2 For example, if that portion of the local height feature cul minates at half the deter mined global story height of
0.25 m m, asshown in Table 1, then use a linear square wave o m parison to make the subset story helght for
five stories A 10% reduction (le. 0.225m m) would be exactly equal to the dimensional height of the local
feature ontop of layer 5. The 0.225m m subset laver helght works well for 3D printers with s minimum height
resolution of 1 micron (0.001m m}, but it may not be evenly divisible by the minimum height resolution of
other 3D printers {e.g, 0.010m m}. In such cases, the number of subset layers, subset layer heights, other types
of adjustment profiles (non-linear), and associsted feature heighi tolerances may be considered/adjusted
algorith micslly o determine what will result in The optimal layer helght of the local feature pesk within its

associated tolerance,

[0068]

95 An additional consideration used in determining subset story height adjustmenis is the visusl [mpact
assoclated with the incremental difference in heighi between adjacent siories.

97 In some aspects, at operation 614, the adjusted laver heights of the layer subset may be modified based on the
maximum adjscent layer height change value For example, 8 10% change in the helght of adjacent layers can
affect the visual quality of some models while being inconsequenilal io others. Referring to the example
depicted in Table 1, layer 61s 20% higher than laver 5 for the linear adjustment scheme and 12% higher than
layer 5 for the simusoidal approximaiion scheme. Both of these adjust ments can sccom modate the 10%
adjacent story height variation limit require ment by simply slicing the global story height of level 6 and
offsetting the story heights shown {or levels 8-18 to levels 7-11. Accordingly, the maximum varistion in
adjacent story helghts may be user-adjustable through configuration seftings. Some curve fitting algorithms
are well suited to solving the problem of deter mining subset layer heights and numbers {given various
poientially determined global layer heights, local feature heights, printer resolutions) and completing visual

sffects setups,
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0069]

7ii

713

Next, at operation 618, it may be determined whether the resuiting laver height adjust ment for the subset of
layers meets s specified tolerance

If so, the process 800 may proceed to operation 822 where ii may be determined whether any more local
height features are present. If the 3D model data includes more local more adjustments, the process 600 can
go back to operation 806 and continue looping through operation 622 until there are no more local height
features in the 3D model dats, at which time the process 800 can go to Operation 512, If the tolerance has not
been satisfied, the procedure 800 may proceed to operation 620 where at least one of a different number of
layers or different approximaiion algorithms in this subset of layers may be lmplemented, and 610 - 816 may
be repeated until satisfactory The layer height adjust mens or configuration has been determined. Insome
agpects, if one or more local feature heights cannot be produced using locsl feature adjust ments, the giobal

layer height of the 3D model may be adjusted al operation 618,

100701

725 In some aspects, if the global laver height that will produce a printed object that satisfies the specified tolerance

of the iotal object heighi cannot be determined as described af operstion 508, a layer helght adjust ment in the
subset of layers may be applied to the global height to produce the The printed object closest to meesting the

specified tolerance of the total object height.

726 Onie way to create s global layer height adjust ment that brings the total object height within a specified

tolerance is o divide the total object height error that would otherwise result from using the determined
global layer helght by the minimum printer height resolution. For example, If using the determined global
layer height with a resulting error of +28 microns would produce an object with a total object helght tolerance
of +{/~50 microns, and the 3D printer minimum height resolution is 10 microns, then by By reducing the
height of one layer by 30 microns or by reducing the layer height of all 3 layers by 10 microns, it is possible to
print a total object height with 2 -2 micron error (well within its specifisd tolerance). These layer height
adjustments may preferably be made at layers near the top of the object to avoid grouping the local height
feature subset layer height adjustmeni caleulations, but msy be made individuslly or together as layer subsets

and positioned in the model slice stack any location.

0071

742 1t should be appreciated that procedure 600 is given as an example only,

721 is conte m plated herein that different error values associated with multiple subsets of layers {ncluding

individual layers) may be used to select one or more different laver heights as desired, e.g to accom modate all
aspects of a 3D object in view of user preferences/height configuration parameters. constraint. In one
example, if the procedure 600 is unsuccessful in selecting a single layer height for a layer subset, such as due to
higher constraints imposed on error bounds, the layer subset may be split into two different subsets. , and
gach subset of the layer helghts may then be tested, each in accordance with individual executions of
procedure 600 . If an independent solution is available, the error require ment can insiead be met using a
combination of these two subsets {with different layer heights for each value). If two subsets do not meet the

error require ments, the main subset can be divided into 3 or 4 subsets, and so on. Insome cages, the amou
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of subsetiing allowed to oceur may be imiled by another height configuration parameter such as layer height
variance, &g implemented to produce printed 3D objects that are more uniform across the z-dimension {e.g
to reduce the impact on the 3D obiect). Constraints for different layering effects visible on the exterior and

vertical or partially vertical surfaces)).

[0072]

753 An example of procedures 500 and 600 is described helow.

750 In one example, an object with a tolal object height of 1.1 m m may be selecied for 3D printing {e.g, operation
504} with a user-specified standard mode layer height of 250 microns (25 mm) (e.g, received from
operation 502 ) . At operation 506, the 3D printer driver application in the computing device 110 may receive
the 10 micron {0.01 mm) 3D printer minimom resolution capability and calculate the total object height by
dividing the total object height of 1100 micron by the 10 micron printer resolution. Thehelghtof Limm
(1100 microns) is an even muliiple of the minimum height resolution of this 3D printer. This results in
uniform 110 lavers of 0.01m m (10 micron) height that will print the 1.1m m object with zero total obiect
height error, Printing 110 layers {each layer is 0.01 m m high} can take a significant amount of time to
complete. However, dividing the 11w m iotal object height by the selecied layver height of 250 microns results
in 4.4 layers - not a uniform muliiple of layers, so an adjustment (o the selected global layer height is

warranted.

[0073]

72 Any adjustment to the global layer helght that is a eniform muliiple of the minimunm prinier resolution can be
used to produce an object with an overall height that is error-free.

775 An lterative technique for deter mining the global layer height closest to the selected layer height of 250
microns is to coherently divide the total obiect height (1100 microns) by the selected layer height (250
microns) plus or minus the printer's minimum height resolution (10 microns), up to higher is an integer
layer. For example, dividing 1100 by 240 microns gives 458333 lavers; dividing by 230 microns gives 4. 7826
layers; dividing by 220 microns gives exactly 5 layers. In this example, the technique delermines that a global
layer height of 220 microns {equal to 88% of the selected value) is closest to the selected layer height and will
result in an error-{ree print with its total height as specified in the associaled 3D model object Similarly, fora
3D model with a total object height of 1.05m m and a tolerance of +0/-30 microns, following the same
technique used for adiusting layver heights with Fine mode selected (0.200m m), it can be determined that the
model can Sliced using a global layer height adjusted to 210 microns (8% higher than selected) to reproduce

the total height of the obiject using 5 layers without finishing

[0074]

790 & technique for determining the global layer height of 2 3D model with & totsl object helght and tolersnce to
be prinied on a printer that has resolution capabilities that may not be evenly divided by the total object
height value can divide each global layer into One or more laver subsets that can use linear or curve-fitiing

adjustments to the subset layer heighis to achieve opiimal object helght aceursey.
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7oz This technique is similar to the technigue for adjusting and compenssting layer heighis to sccurately
reproduce local helght features discussed with reference to Table 1, except that laver height adjustments for

accurately reproducing total object height may not require the compensation of local helght features required

by the technique. Floor height changes.

0075]

go1 Int the example described sbove, positive user preference errors or ervors associated with one or more height
configuration parameters may take precedence over negative user preference errors.

208 This may be acco m plished by weighting the total object height or print error using a factor It should be
understood that other weighting or selection schemes or algorithms are contemplaied herein, For example, in
one aspect, machine learning techniques may be employed to track user selections {e g, associated with a
single user, tracked via login information, a single 31 printer, or multiple users and/or 3D printers) and 3D
printing projects revision. User selections can be asgeregated over time to modify default settings that can be
automatically entered by slicer 165, In some insiances, machine learning can be used, at least In pari, to
m odify the bias applied to the selection algorithm such that certain error ranges are accepiable for 8 particular
user or & particulsr 3D printer, but not for other users or printers of, In this scenario, {actors X and Y may be

selected or modified based on tracked and aggregaied user preferences/selections.

[0076]

1510 some cases, collecied daia associated with user seleciions {such as the "click fit” Ul featurs described above)
can be used as training data for the machine learning process.

217in one example, each time the user selects “Fit this” or other similar selection associated with the Z-axis feature,
that selection and the dats associated with it may be added to the training set. A machine learning slgorithm
{such as a general purpose machine learning algorithm) can be trained and validated on this data such that it
identifies the best features in any new objects printed by the user. In this scenario, the 30 modeling
application or U1 can awtomailcally indicate or recom mend which z-axis features to retain or be associated
with a higher or specific tolerance or precision based on historical user selection data/training data, thereby

reducing the user's need to configure the object. Steps required for 3D modeling/printing.

10077]
ser Figure 7 deplets a method {or segm enting an object 305 previously described with reference to Figure 3 into
layers by a slicing program associated with a 3D printer in accordance with the operating procedures 400, 500

and/or 600 described sbove with reference to Figures 4, 5 and/or 6. Example process 700,

[0078]
833 Process 700 may begin at 705 by seleciing a global layer height for printing 3D object 305a based on total
object height 320 and one or more height configuration parameters, e.g., in accordance with operations 402

and 404, operailons 502-510, and/or procedure 600, .
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ss6 Layer helght 710 may be selected to be equal to a multiple of total object height 320 and consistent with one or
more height configuration parameters {e.g, minimum and maximum laver resolution or step size, specified
layer height, and certain z~dimensions of 3D object 305 Tolerance values for features such as steps 720, 725,
and 730 and slopes 735 and 740),

240 Operation 705 may result in slicing object 305d into lavers having thickness 718 Sliced object 3054 is then
printed at operation 715 to produce object 305, The thickness or layer height 710 may be selected tobea
muliiple of the total object height 320, and this may result in no total object helght error. Layer height 710
may also be selected to minimize any z-dimensional errors, such as those present in process 360, such as
errors 325g, 352¢, and 3250 Additionally, layer height 710 may result in reduced errors for slopes of 3B object
305 such that errors 325g and 325h are less than errors 325b and 325¢ associated with process 300.

[0079]
229 F1G. 8 illustrates an exa mple process 800 for segmenting an object into layers by a slicing program associsted

with a 3D printer in accordance with the operating procedures of FIGS. 4, 5, and/or 6.

[0080]

g5¢ Process 800 may begin at 805 by selecting a global layer height for printing 3D object 305 based on total obiect
height 320 and one or more heighi configuration parameters, such as in sccordance with operations 402 and
404, operations 502-514, and/or procedure 800.

ss7 Layer helght 710 may be selected to be equal to a multiple of total object height 320 and consistent with one or
more helght configoration parameters {e.g, minimom snd maximuow layer resolution or step size, specified
layer height, and certain z-dimensions of 3D object 305 Tolerance values for features such as steps 720, 725,
and 730},

z51 In some situations, the errors associated with slopes 735 and 740 (illustrated in Figure 7 as errors 325g and
325h) that exist when using individual and global layer heights 710 may be unacceptable or not within the
speciiled error range. In this case, local laver helght optimization may be used {slso indicated by 805) to
select a second layer height 810 {eg, half the layer height 710 in the illusirated exam ple) to lower portions 735
and 740 Errors that exist in, for example, according to operstions 508 and 510. In this manner, when printing
sliced 3D object 305f al 820, errors 3251 and 325] assoclated with slopes 735 and 740 of object 305g may be
reduced.

10081]

g7t Figures 9A and 9B {llusirate examples of specific z-axis features of 3D objects 800a and 900h that can be
modeled and/or printed with greater accuracy using the described techniques.

g7z Referring to Figure 84 illustrating a top view of 3D object 900a, 3D object 800 is sliced through plane %05 into
4 layers 910, 915, 920 and 935. The top layer 935 includes text (TEXT), such ss embossed text, with a specific
height 940, which may be less than the global layer heighi 825 of layers 910 and 915, To accuraiely model
and/or 3D print embossed text 835, the height 930 of layer 820 may be adjusted (eg in this case, lowered}

according to the techniques described above to enable a 30 printer with a specifle minimum
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resolution o Prints embossed text with helght 940 exacily 635, W ith traditional techniques for slicing 3D
models, such as 3D model 800s, {eatures such as relief features on top of objects may be completely lostin a
fixed layer height approach, such as where the feature's height 840 is less than the global or fixed layer height
925 half of the cases. In one example, where a top or boitom layer has detalled features, such as text relief, the
techniques described may include adjusting the layer height of the specific layer and/or one or more nearby
layers {such as layer 920) to deplet the specific festares High degree of accuracy is maximized. In some cases,
the helght of other lavers can be kept constani, thereby preserving perceptible uniformity on all sides of the
object, and also improving speed by not having to adjust each layer helght individuslly, This technigue can

also be applied to mid-layers, by splitiing one layer into two or by adjusting both lavers equaliy.

[0082]

ssp Figure 8B illusirates another example bottom perspective view of 3D object 800h,

291 31 object 900b as shown is sliced through plane 905 into five layers 975, 945, 950, 855 and 950, forexample in
reverse printing. The bottom layer 975 includes negative text {TEXT) with a specific height/depth 980, which
may be less than the global layer height 985 of layers 8945, 950, 955, and 960. To accurately model and/or 3D
print negative relief text 975, the helght 980 of the laver containing text 975 may be adjusted (eg, in this case,
reduced) according to the techniques described above to have a specific minimum height resolution The 3D
printer is able to accurately print embossed text with a height of 980° 0 975° |

[0083]

o0 In some embodiments, s system for printing three-dimensional {(3D) obiects inclodes: a computing device
configured to: receive at least one height configuration parameter associated with a 3D object and a total
object height; and convert the The 3D object is segmented into a plurality of formable layers, wherein the
pluraliiy of formabie layers includes a first height.

a0: Segmenting 3 objects further includes:

908 The {Irst height corresponding to the plurality of lormable layers is selected based on the received at least one
helght configuration parameier and the total object height, wherein the first height s selecied 1o optimize the

at least one height configuration the accuracy of at least one of the param eter or the total object height; and

10085

914 A 3D printer in com munication with the computing device, and the 3D printer includes:

10086]

gizan exiruder configured to deposit material in formable lavers to form the 3D object; and
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10087
922 M ovement means coupled to the extruder and configured to move the extruder in af least a vertical direction

to deposit the plurality of formable lavers of the material according to the {irst height.

gzrIn some embodiments, the st least one helght configuration parameter includes a 3D printer resolution

gelection or layer height.

0089 ]
szzin some embodiments, the at least one height configuration parameter includes a tolerance corresponding to a

subset of the plurality of formable layers.

0090]

sszin some embodiments, the computing device is further configured o

[0091]

241 A second height corresponding to at least the subset of the plurality of formable layers is selected based on the
received at least one helght configurstion perameter and the tolal object height, wherein the second height is
selected to optimize the Accuracy of at least one of at least one height configuration parameter and the total

object height.

10092]
sezin some embodiments, s method for improving dimensional accuracy when generating a three-dimensional

(3D} object including muliiple formable layers includes:

0093]

#53 Recelves at least one helght configuration psrameier and the total object height;

[0094]

257 A first height corresponding to at least a subset of the plurality of formable layers is selecied based on the
received at least one helght configuration parameter and the tolal object height, wherein the first helght Is
selected to opilmize the af least the accuracy of at least one of 8 height configuration parameter or the total

object height; and

Petitioner Exhibit 1002-2854
18-12-2023 23



10095

95¢ The first height is com municated to a 3D printer to generate the 3D object.

[0098]
sezin some embodiments, the at least one height configuration parameter includes a global height of the plurality
of {nrmable layers, and wherein at least the subset of the plurality of formable layers includes the plurality of

{ormable layers.

0097]
s7¢In some embodiments, selecting the first height further includes selecting one of the plurality of formable
layers corresponding to the first helght based at least in part on the at least one height configuration parameter

or the total object height. Several formable layers.

ssoIn some embodiments, the at least one height configuration parameter includes a tolerance for g subset of the
pluraliiy of formabie layers, and selecting the {irst helght further includes selecting a helght assoclated with the
pluraliiy of formable layers based on the tolerance. A first height corresponding to the subset of formabile

layers or to all of the plurality of formable layers.

[0099]

sg7In some embodiments, the method further includes ideniilying one or more formable layers of the plurality of
formable layers associated with a tolerance, and selecting the {irst height further includes selecting based on
the tolerance. A phurality of formable layers of the phurality of for mable layers corresponding to the first height

or at least ons of the first height.

20 In some embodiments, identifying the one or more formable layers includes recelving a selection of at least

one first tolerance and af leasi one formable layer corresponding to the at least one first tolerance,

sgsIn some embodiments, the at least one height configuration parameter includes a tolerance for a subset of the
plurality of formable layers, and the method includes selecting all height configurations associated with the

plurality of formable layers based on the tolerance. The second height corresponding to the subset,
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[0102]
1005 In some embodiments, the at least one helght configuration parameter includes object height resolution, and
wherein optimizing the first height corresponding to at least one formable layer further includes at least one

of the following:

10103]

1611 The first height is selected to mest or exceed the ohject height resolution; or

[0104]
1015 A plurality of formabie layers of the plurality of formable layers corresponding to the first height is selected to

meet or exceed the object height resolution.

[0105]

azoln some embodiments, optimization further includes:

0106]

weedeter mining an object height accuracy error of the 3D object;

10107]

108 Determine altitude configuration parameter accuracy errors; and

1632 Al least one of: selecting the {irst height based on a comparison of the object height accuracy error and the
height configurstion parameter accuracy error or selecting s number of the plurality of formable layers

corresponding to the first height Formable layer.

[0109]
138In some embodiments, selecting the first height or selecting at least one of a plurality of formable layers of the
plurality of formable layers corresponding to the first height further includes determining relstive to an

object height accuracy error. W eighting of aliitude configuration parameter accuracy errors.

10110}
164¢ [n some embodiments, selecting the first height or selecting at least one of a plurality of for mable layers of the

plurality of formable layers corresponding to the first heighi Is blased toward a positive helght conflguraiion
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parameler sgcuracy error.

0111}
180 In some embodiments, the method further includes selecting the botiom formable laver height separately

from the first helght to ensure bonding of the botion layer,

wss In some embodiments, a compuler-readabie storage medium has insiructions stored thereon that, when
executed by at least one processor, cause the at least one processor to perform a step in generating a layer
including a plurality of formable layers. O perations that improve dimensions! sceuracy on three-

dimensional (3D} objects, including:

0113

1062 Recelves st least one height configuration parameter and the total object height;

10114]
w68 Seleciing a first height corresponding to the plurality of formable layers based on the received al least one
height configuration parameter and the total object helght, wherein the first height is selected to optimize the

ai least one height configuration parameter or the accuracy of at least one of the total object helghts; and

[0115]

1972 The first height is com municated to a 3D printer to generate the 3D object.

g In some embodimenis, the al least one helght configuration parameter includes & 3D printer resolution

selection or layer height,

0117]
1081 In some embodiments, the at least one helght configuration parsm eter includes s tolerance corresponding to

a subset of the plurality of formable layers.

[0118]
1035 In some embodiments, a second height corresponding to at least the subset of the plurality of formable lavers

is selected based on the received ot least one height configuration parameter snd the total object height,

h
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wherein the second height Selected o optimize accuracy of at least one of the &t least one helght
configuration param eter and the total object height,

0119]

1093 The 3D object layer helght selection techniques and/or slicer/driver 185 described above and any assoclated

user interface may be implemented on one or more computing devices or environments, as described
below,

g Flgure 10 deplets an example general

computing environment in which some of the techniques described
herein may be embodied, which may include, for example, computing device 110,

1098 Computing system environment 1002 is but one example of a sultable computing environ ment and is not
intended to impose sny Umitations on the scope or functionality of the presently disclosed subject matier.
1109 Compuiing environmeni 1002 should also not be interpreted as having any dependency or requirement on
any one or combination of components llusirated in example operating environment 1002,

1102 In some embodiments, the various computing elem ents depicted may include elrcuiivy configured 1o
instantiate specific aspects of the invention.

1104 For example, the term circuitry, as used In this disclosure, may include specialized hardware components
configured to perform function (s} through firm ware or switches.
108 I other exampie embodiments, the term clreuitry may include a general-purpose processing unit, memory,
or the like configured with software instructions im ple menting logic operable to perform the function(s).
108 In example embodimenis in which the circuitry includes a combination of hardware and software, an
implementer may write source code embodying the logie, and the source code may be compiled into
machine-readable code that can be processed by a genersl-purpose processing unit.

1111 Because those skilled in the art will appreciate that existing technology has evolved to the point where there is
Hittle differentiation between hardware, software, or hardware/software com binations, the choice of
hardware or software io perform a specific function is a design choice lefi to the imple menter.

114 M ore specifically, those skilled in the art will appreciate that software processes can be transformed into

equivalent hardware siructures, and the hardware structures them selves can be transfor med into equivalent
sofiware processes,

1117 Thus, the cholce between hardware or sofiware i mple mentation is one of design choice and left to the
implementer

0120

1122 Computer 1002, which may include any of a mobile device or smartphone, a tablet, a laptop, a desktop

computer, or a collection of netwarked devices, cloud computing resources, ete., typlcally includes a variety
of computer-readable media

1725 Computer-readable media can be any available media that can be accessed by computer 1002 and includes
both volaille and nonvolatile media removable and nonremovable med

163
L

1227 System memory 1022 includes computer-readable storage media in the form of volatile and/or non-volatile
memory, such asread-only memory (RO M) 1023 and random access memory (RA M) 1060,
1129 A basic input/output system 1024 (BIOS), which contains basic routines such as to help

} transfer information
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between elemenis within the compuler 1002 during startup, s typically stored in RO M 1023,

123t RA M 1060 typically contains data and/or program modules that processing unit 1059 has im mediate access
10 and/or is currently operating on,

1153 By way of example, and not mitation, Figure 10 shows an operating system 1025, applications 1028, other
program modules 1027 {including a 31 layer height optimizer 1065), and program data 1028,

[0121]

138 Computer 1002 may slso include other rem ovable/non-removable, volatile/non-volatile computer storage
media

1240 By way of example only, FIG. 10 illusirates a hard drive 1038 reading from or writing to a non-removable,
non-volatiie magnetic media, and a re movable, non-volatile disk 1054 reading from or writing to it a disk
drive 1039, and an optical disk drive 1004 that reads from or writes to a removable, non-volatile optical disk
1053 suchasa CBRO M or other optical media

1124 O ther rem ovable/non-re movable, volaiile/non-volatile computer storage media that may be used in this
example operating environment include, but are not limited to, magnetic tape cariridges, flash memory
cards, digital versatile disks, digital video tapes, solid state RA M, solid state RO M ele.

197 Hard drive 1038 is typically connecied to sysiem bus 1021 through a non-removable memory interface such

as interface 1034, while magnetic disk drive 1039 and optical disk drive 1004 are typically connected to

system bus 1021 through aremovable memory interface such as interface 1035 or 1036. .

[0122]

1153 The drives and thelr assoclated com puter storage media discussed above and illustrated in FIG. 10 provide
storage for computer 1002 of computer-readable instructions, data structures, program modules, and other
data,

1186 In Figure 10, for example, hard drive 1038 is shown storing an operating svstem 1058, application programs
1057, other program modules 1056, and program data 1055,

1158 Note thai these com ponents may be the same as the operating system 1025, applications 1026, other program
modules 1027, and program data 1028, or may be different from them.

s Here, the operating system 1058, application programs 1057, other program modules 1058, and program
data 1055 are given different numbers to at least indicate that they are different coples.

1262 A user may enter com mands and information into computer 1002 through input devices such as a keyboard
1051 and a pointing device 1052 {often referred o a8 a mouse, irackball, or touch pad).

116¢ Other input devices {not shown) may include microphones, joysticks, game pads, satellite dishes, scanners,
retinal scanners, and the like.

1166 These and other input devices are often connected to the processing unit 1059 through the user inpus
interface 1036 coupled to the system bus 1821, but may also be connected through other interfaces and bus
structures, such as parallel ports, game ports, universal serial bus {USB) ports. M ake s connection.

1169 A monitor 1042 or other type of display device is also connected to system bus 1021 via an interface such as
video interface 1032,

it In addition to the monitor, the computer may aiso include other peripheral output devices suc gpeakers
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1044 and printer 1043 (such as 3D printer 105 ) that may be connected through output peripherals interface
1033,

[0123]

1177 Computer 1002 may operate in a networked environment using logical connections to one or more remote
computers, such as remote computer 1046,

1179 Remote computer 1046 may be a personal computer, server, router, network PC, peer-to-peer device, or
other com mon network node, and typically includes many or all of the elements described above with
respect to computer 1002, although in Figure 10 only memory storage is shown Device 1047,

1182 The logical connections depicted in Figure 10 include a local area network (LAN) 1045 and a wide area
network (W AN) 1049, but other networks may also be included.

1184 Such networking environ ments are com monly found in offices, enterprise-wide computer networks,

intranets, the Internet, and cloud computing resources,

[0124]

1189 When used in a LAN networking environment, computer 1002 is connected to LAN 1045 through a network
interface or adapter 1037,

1191 When usedina W AN networking environment, computer 1002 typically includes a modem 1005 or other
means for establishing com munications over a W AN 1049 such as the Internet.

1193 Modem 1005 may be internal or external and may be connected to system bus 1021 via user input interface
1036 or other suitable mechanism,

1195 In a networked environment, program modules shown with respect to computer 1002, or portions thereof,
may be stored in aremote memory storage device.

1197 By way of example, and not limitation, FIG. 10 shows remote application 1048 residing on memory device
1047,

1199 1t should be understood that the network connections shown are exe mplary and other means of establishing

com munication links between computers may be used.

[0125]

1204 In some aspects, other programs 1027 may include a 3D layer height optimizer application 1065 that includes
the functionality described above, such as functionality in or associated with the 3D printer slicer or driver
165,

1207 In some cases, the 3D layer height optimizer application 1065/slicer 165 may perform some or all of the
operations in processes 400, 500, 600, and/or 800, and perform the operations as described above via the
graphics interface 1031, the video interface 1032, the output peripheral Interface 1033 and/or one or more
monitors or touch screen devices 1042 to provide a user interface,

1211 In some aspects, the 3D layer height optimizer application 1065/slicer 165 can com municate with the 3D
printer 105 to generate physical 3D objects of 3D image data, as described above,

1213In some aspects, other programs 1027 may include one or more 3D v1rtua ization ap%lcations that ma
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