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METHOD FOR GENERATING MASK , AND 
PROJECTION APPARATUS FOR 
PERFORMING THE SAME 

CROSS - REFERENCE TO RELATED 
APPLICATION 

[ 0001 ] This application claims the priority benefit of 
China application serial no . 202010475157.5 , filed on May 
29 , 2020. The entirety of the above - mentioned patent appli 
cation is hereby incorporated by reference herein and made 
a part of this specification . 

[ 0007 ] After some adjustments , the unmasked region 112b 
may be correctly rendered in the non - planar region 199a , as 
shown in FIG . 1D . 
[ 0008 ] However , the above method is not convenient for 
the user to operate . In addition , in a case that the unmasked 
region 112b in the projected screen is smaller than the 
non - planar region 199a , the user cannot deform the pro 
jected screen through the manner shown in FIG . 1C . If the 
positions of the masked region 112a and the non - masked 
region 112b cannot be adjusted , the unmasked region 112b 
cannot be correctly rendered in the non - planar region 199a 
unless the projection content 112 is re - created . 
[ 0009 ] The information disclosed in this Background sec 
tion is only for enhancement of understanding of the back 
ground of the described technology and therefore it may 
contain information that does not form the prior art that is 
already known to a person of ordinary skill in the art . 
Further , the information disclosed in the Background section 
does not mean that one or more problems to be resolved by 
one or more embodiments of the invention was acknowl 
edged by a person of ordinary skill in the art . 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
[ 0002 ] The invention relates to a projection technology , 
and in particular , to a method for generating a mask , and a 
projection apparatus . 

SUMMARY OF THE INVENTION 

2. Description of Related Art 
[ 0003 ] In the prior art , a projection apparatus may use an 
image masking function to project an image onto a projec 
tion surface that includes a non - planar region ( such as a 
convex surface , a concave surface , or a combination thereof ) 
so that projection content is rendered in the non - planar 
region only . Generally , the image masking function per 
formed by the projection apparatus is implemented by 
setting parts in the projection content that are not corre 
sponding to the non - planar region to black screens , so that 
only the part corresponding to the non - planar region is 
retained in the projection content . However , after the pro 
jection apparatus projects the image - masked projection con 
tent onto the projection surface , a user often needs to 
manually adjust relevant projection apparatus parameters 
( such as size and position of a projected screen , and the like ) 
to correctly render the projection content within the non 
planar region . 
[ 0004 ] Refer to FIG . 1A to FIG . 1D , which show a 
mechanism for projecting masked projection conte nto a 
projection surface including a non - planar region in the prior 
art . 
[ 0005 ] In FIG . 1A , it is assumed that a projection surface 
199 includes a non - planar region 199a . As can be seen from 
a side view of the projection surface 199 , the non - planar 
region 199a is , for example , a circular convex surface . A 
multimedia player 110 includes projection content 112. In 
addition , it is assumed that the multimedia player 110 
connected to a projection apparatus 100 intends to project 
the projection content 112 onto the projection surface 199 
through the projection apparatus 100 , wherein the projection 
content 112 may include a masked region 112a and an 
unmasked region 1126 corresponding to the non - planar 
region 199a . 
[ 0006 ] However , as can be seen from FIG . 1B , after the 
projection apparatus 100 projects the projection content 112 
onto the projection surface 199 , the unmasked region 1126 
cannot be correctly rendered in the non - planar region 199a 
due to unevenness of the non - planar region 199a . In this 
case , the user may deform the projected screen by means 
such as adjusting related projection parameters of the pro 
jection apparatus 100 in order to correctly render the 
unmasked region 112b in the non - planar region 199a , as 
shown in FIG . 1C . 

[ 0010 ] The invention provides a method for generating a 
mask , and a projection apparatus , to adaptively generate a 
corresponding mask pattern according to a region contour of 
a non - planar region . 
[ 0011 ] Other objectives and advantages of the invention 
can be further understood from the technical features dis 
closed in the invention . 
[ 0012 ] The invention provides a method for generating a 
mask , applied to a projection apparatus , the method includes 
the following steps . A first pattern is projected onto a 
projection surface , wherein the projection surface includes a 
non - planar region , and the first pattern includes multiple first 
straight lines . A first image of the projection surface on 
which the first pattern is rendered is shot . At least one first 
specific line segment in the first image is found , wherein 
each first specific line segment includes at least one first 
inflecti point . A first contour is delineated based on the at 
least one first inflection point in a case of determining that 
the at least one first inflection point in the first image is 
suitable for delineating the first contour . A first mask pattern 
is generated based on the first contour in a case of deter 
mining that the first contour matches a region contour of the 
non - planar region , wherein the first mask pattern is config 
ured to mask an outer region of the first contour . 
[ 0013 ] The invention provides a projection apparatus , 
including a storage circuit , a projection circuit , an imaging 
circuit , and a processor . The storage circuit stores multiple 
modules . The processor is coupled to the storage circuit , the 
projection circuit , and the imaging circuit , and accesses the 
modules . The processor controls the projection circuit to 
project a first pattern onto a projection surface , wherein the 
projection surface includes a non - planar region , and the first 
pattern includes multiple first straight lines . The processor 
controls the imaging circuit to shoot a first image of the 
projection surface on which the first pattern is rendered . The 
processor controls the modules to find at least one first 
specific line segment in the first image , wherein each first 
specific line segment includes at least one first inflection 
point . The processor controls the modules to delineate a first 
contour based on the at least one first inflection point in a 
case of determining that the at least one first inflection point 
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in the first image is suitable for delineating the first contour . 
The processor controls the modules to generate a first mask 
pattern based on the first contour in a case of determining 
that the first contour matches a region contour of the 
non - planar region . The first mask pattern is configured to 
mask an outer region of the first contour . 
[ 0014 ] Based on the foregoing , according to the method 
and the projection apparatus in the invention , after one or 
more patterns are projected onto the projection surface 
including the non - planar region , a contour corresponding to 
the region contour of the non - planar region can be delin 
eated based on the inflection points of the patterns caused by 
the non - planar region , and a corresponding mask pattern is 
generated accordingly . The mask pattern may be configured 
to mask an outer region of the contour . That is , the projection 
apparatus in the invention can adaptively generate a corre 
sponding mask pattern according to the region contour of the 
non - planar region , so that the unmasked region in the 
projection content can be correctly rendered in the non 
planar region . 
[ 0015 ] In order to make the foregoing features and advan 
tages of the invention comprehensible , embodiments accom 
panied with figures are described in detail below . 
[ 0016 ] Other objectives , features and advantages of the 
invention will be further understood from the further tech 
nological features disclosed by the embodiments of the 
invention wherein there are shown and described exemplary 
embodiments of this invention , simply by way of illustration 
of modes best suited to carry out the invention . 

2 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0017 ] The accompanying drawings are included to pro 
vide a further understanding of the invention , and are 
incorporated in and constitute a part of this specification . 
The drawings illustrate embodiments of the invention and , 
together with the description , serve to explain the principles 
of the invention . 
[ 0018 ] FIG . 1A to FIG . 1D show a mechanism for pro 
jecting masked projection content onto a projection surface 
including a non - planar region in the prior art . 
[ 0019 ] FIG . 2 is a schematic diagram of a projection 
apparatus according to an embodiment of the invention . 
[ 0020 ] FIG . 3A is a schematic diagram of projecting a first 
pattern onto a projection surface according to an embodi 
ment of the invention . 
[ 0021 ] FIG . 3B is a schematic diagram of projecting a 
second pattern onto a projection surface according to 
another embodiment of the invention . 
[ 0022 ] FIG . 3C is a schematic diagram of a reference 
image according to FIG . 3A and FIG . 3B . 
[ 0023 ] FIG . 4 is a flowchart of a method for generating a 
mask according to an embodiment of the invention . 

“ connected , ” “ coupled , ” and “ mounted , ” and variations 
thereof herein are used broadly and encompass direct and 
indirect connections , couplings , and mountings . 
[ 0025 ] The foregoing and other technical content , charac 
teristics , and effects of the invention may be clearly pre 
sented in the following detailed description of an exemplary 
embodiment , which matches the accompany drawings . The 
directional terms mentioned in the following embodiments , 
such as “ above , ” “ below , ” “ left , ” “ right , ” “ front , ” or “ back , ' 
refer to the directions in the accompanying drawings . There 
fore , the directional terms are only used for illustration 
instead of limiting the invention . 
[ 0026 ] Refer to FIG . 2 , which is a schematic diagram of a 
projection apparatus according to an embodiment of the 
invention . As shown in FIG . 2 , the projection apparatus 200 
includes a storage circuit 201 , a projection circuit 202 , an 
imaging circuit 203 , and a processor 204 . 
[ 0027 ] The storage circuit 201 is , for example , any type of 
fixed or mobile random access memory ( RAM ) , read - only 
memory ( ROM ) , flash memory , hard disk , or other similar 
apparatuses , or a combination thereof , and may be config 
ured to store multiple modules such as multiple pieces of 
code or software . 
[ 0028 ] The projection circuit 202 is configured to control 
a projection module ( not shown ) . The projection module 
may include a light valve , a focus lens , a light source , and 
the like , and may be configured to , but not limited to , project 
projection content or a specified pattern . The imaging circuit 
203 is , for example , configured to control a charge coupled 
device ( CCD ) lens and / or a complementary metal oxide 
semiconductor transistor ( CMOS ) lens , and may be config 
ured to , but not limited to , capture an image . 
[ 0029 ] The processor 204 is coupled to the storage circuit 
201 , the projection circuit 202 , and the imaging circuit 203 , 
and may serve as a general - purpose processor , a special 
purpose processor , a digital signal processor , a micropro 
cessor , or one or more microprocessors that integrate a 
digital signal processor core , a controller , a microcontroller , 
an application specific integrated circuit ( ASIC ) , a field 
programmable array ( FPGA ) , any other type of inte 
grated circuit , a state machine , a processor based on 
advanced RISC machine ( ARM ) , or a similar product . 
[ 0030 ] To be brief , referring to FIG . 2 and FIG . 3A to FIG . 
3C , the projection apparatus 200 in the invention may 
shoot / capture an image of the projection surface 199 after 
projecting a pattern in a specific form ( for example , multiple 
straight lines ) onto the projection surface 199 , and then 
attempt to construct / delineate a contour of the non - planar 
region 199a according to inflection points of the line seg 
ments of the pattern in the image . In addition , if the 
delineated contour is determined as consistent with the 
region contour of the non - planar region 199a , the projection 
apparatus 200 may generate a mask pattern accordingly . The 
mask pattern may be configured to mask an outer region of 
the contour . In other words , an unmasked region in the mask 
pattern corresponds to the non - planar region 199a . 
[ 0031 ] On the other hand , if the projection apparatus 200 
cannot successfully construct / delineate the contour of the 
non - planar region 199a , or if the delineated contour is 
determined as not consistent with the region contour of the 
non - planar region 199a , the projection apparatus 200 may 
project one or more other patterns to construct / delineate the 
contour of the non - planar region 199a and generate a 
corresponding mask pattern . 
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DESCRIPTION OF THE EMBODIMENTS 

[ 0024 ] It is to be understood that other embodiment may 
be utilized and structural changes may be made without 
departing from the scope of the invention . Also , it is to be 
understood that the phraseology and terminology used 
herein are for the purpose of description and should not be 
regarded as limiting . The use of “ including , " " comprising , " 
or “ having ” and variations thereof herein is meant to encom 
pass the items listed thereafter and equivalents thereof as 
well as additional items . Unless limited otherwise , the terms 
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[ 0032 ] To make the concept of the invention easier to 
understand , the following gives a further description with 
reference to FIG . 2 and FIG . 3A to FIG . 3C . However , the 
description is only used as an example , and is not intended 
to limit possible implementations of the invention . 
[ 0033 ] Refer to FIG . 3A , which is a schematic diagram of 
projecting a first pattern onto a projection surface according 
to an embodiment of the invention . In this embodiment , the 
projection apparatus 200 may control the projection circuit 
202 through the processor 204 to project a first pattern 310 
onto the projection surface 199 including the non - planar 
region 199a . The first pattern 310 may include multiple first 
straight lines 311 , and the first straight lines 311 may be 
parallel to each other . In addition , for the form of the 
non - planar region 199a on the projection surface 199 , refer 
to the side view shown in FIG . 1A . 
[ 0034 ] As shown in FIG . 3A , after the first pattern 310 is 
projected onto the projection surface 199 , some straight 
lines in the first pattern 310 will have inflection points due 
to the non - planar region 199a . For ease of description , a first 
straight line 311 that has inflection points due to the non 
planar region 199a is referred to as a first specific line 
segment , but is not limited thereto . Subsequently , the pro 
jection apparatus 200 may control the imaging circuit 203 
through the processor 204 to shoot a first image M1 of the 
projection surface 199 on which the first pattern 310 is 
rendered , and may control , through the processor 204 , a 
module stored in the storage circuit 201 to find the first 
specific line segment in the first image Mi. 
[ 0035 ] In an embodiment , the projection apparatus 200 
may find the first specific line segment based on a change of 
a slope / curvature of each first straight line 311 in the first 
image M1 . Specifically , in the first pattern 310 , a first preset 
slope may be set for each first straight line 311. The 
projection apparatus 200 may find , in the first image M1 , one 
or more line segments whose slopes are not equal to the first 
preset slope , and use the one or more line segments as the 
first specific line segment . From another point of view , each 
found first specific line segment may be regarded as having 
a specific slope , and the specific slope may be different from 
the first preset slope . In addition , in some embodiments , the 
first specific line segment may include a curve , and there 
fore , may include multiple different specific slopes , but this 
does not constitute any limitation . 
[ 0036 ] In addition , each first straight line 311 may also be 
understood as having a first preset curvature ( for example , 
0 ) , and each first specific line segment may be regarded as 
having a specific curvature different from the first preset 
curvature , but this does not constitute any limitation . 
[ 0037 ] Based on this , in the first image M1 , the projection 
apparatus 200 may accordingly find first specific line seg 
ments 321 , 322 , 323 whose slopes are not equal to the first 
preset slope ( or whose curvatures are not equal to the first 
preset curvature ) . The first specific line segments may 
individually include one or more first inflection points 
caused by the non - planar region 199a . The first specific line 
segment 321 , for example , may include first inflection points 
321a and 321b . The first specific line segment 322 , for 
example , may include first inflection points 322a and 322b . 
The first specific line segment 323 , for example , may 
include the first inflection points 323a and 323b . 
[ 0038 ] As mentioned above , the first inflection points in 
the first image M1 may be used for constructing / delineating 
the contour of the non - planar region 199a . However , in 

some embodiments , to avoid finding an incorrect inflection 
point , a related inflection point verification mechanism is 
also provided in the invention . To be brief , in the inflection 
point verification mechanism , when the projection apparatus 
200 finds a line segment with an inflection point by con 
trolling , through the processor 204 , the module stored in the 
storage circuit 201 , the projection apparatus 200 may con 
trol , through the processor 204 , the module stored in the 
storage circuit 201 to further determine whether an adjacent 
line segment of the line segment is also a specific line 
segment with an inflection point . If the adjacent line segment 
of the line segment is also a specific line segment with an 
inflection point , the projection apparatus 200 may confirm 
that the line segment is a specific line segment . Conversely , 
if none of the adjacent line segments of the line segment has 
an inflection point , it means that the inflection point on the 
line segment may not be a true inflection point , but may be 
incorrectly determined as an inflection point . Therefore , the 
projection apparatus 200 may ignore the inflection point on 
the line segment ( that is , the inflection point on the line 
segment will not be used for delineating the contour of the 
non - planar region 199a ) . 
[ 0039 ] Specifically , the first image M1 may be assumed to 
have multiple reference line segments corresponding to the 
first straight line 311 in the first pattern 310. In this case , 
when the projection apparatus 200 controls , through the 
processor 204 , the module stored in the storage circuit 201 
to determine that at least one reference inflection point exists 
on an ith reference line segment ( i is an index value of the 
reference line segment ) among the reference line segments , 
the projection apparatus 200 may control , through the pro 
cessor 204 , the module stored in the storage circuit 201 to 
further determine whether at least one reference inflection 
point exists on an ( i - 1 ) ' h reference line segment or an ( i + 1 ) h 
reference line segment among the reference line segments , 
wherein a reference slope included in each reference line 
segment is different from the first preset slope . For example , 
if the first specific line segment 322 is set as the ith reference 
line segment , the ( i - 1 ) th reference line segment may be the 
first specific line segment 321 , and the ( i + 1 ) th reference line 
segment may be the first specific line segment 323 . 
[ 0040 ] If the projection apparatus 200 controls , through 
the processor 204 , the module stored in the storage circuit 
201 to determine that a reference inflection point exists on 
the ( i - 1 ) th reference line segment or the ( i + 1 ) * h reference line 
segment , it may be determined that the ith reference line 
segment is a first specific line segment , and that at least one 
reference inflection point on the ith reference line segment is 
a first inflection point . For example , it is determined that 
reference inflection points ( the first inflection points 321a 
and 321b ) exist on the first specific line segment 321 ( the 
( i - 1 ) ' reference line segment ) , and that reference inflection 
points ( the first inflection points 323a and 323b ) exist on the 
first specific line segment 323 ( the ( i + 1 ) reference line 
segment ) . Therefore , it may be determined that the first 
specific line segment 322 ( the ith reference line segment ) 
with reference inflection points ( the first inflection points 
322a and 322b ) is a first specific line segment . On the other 
hand , when the projection apparatus 200 controls , through 
the processor 204 , the module stored in the storage circuit 
201 to determine that no reference inflection point exists on 
the ( i - 1 ) ' reference line segment and the ( i + 1 ) * h reference 
line segment , it may be determined that the ith reference line 
segment is not a first specific line segment , and that at least 
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one reference inflection point on the ith reference line seg 
ment is not a first inflection point . However , the invention is 
not limited thereto . 
[ 0041 ] After obtaining the first inflection points 321a 
323b in the first image M1 , the projection apparatus 200 may 
determine whether the first inflection points 321a - 323b are 
suitable for delineating a first contour . 
[ 0042 ] In some embodiments , if the first inflection points 
321a - 323b are too small in quantity or too far in distance , the 
first contour to be delineated subsequently based on the first 
inflection points may not accurately correspond to the region 
contour of the non - planar region 199a . Therefore , the pro 
jection apparatus 200 may control , through the processor 
204 , the module stored in the storage circuit 201 to deter 
mine whether the quantity of the first inflection points 
321a - 323b is greater than a preset quantity ( for example , 3 ) 
and / or determine whether a distance between every two of 
the first inflection points 321a - 323b exceeds a preset dis 
tance , whereby it is determined whether the first inflection 
points 321a - 323b are suitable for delineating the first con 
tour . If the quantity of the first inflection points 321a - 323b 
is smaller than the preset quantity and / or the distance 
between every two of the first inflection points 321a - 323b 
exceeds the preset distance , the projection apparatus 200 
may determine , for example , that the first inflection points 
321a - 323b are not suitable for delineating the first contour . 
In this case , as mentioned above , the projection apparatus 
200 in the invention may further project one or more other 
patterns in an attempt to construct / delineate the contour of 
the non - planar region 199a and generate a corresponding 
mask pattern , the details of which will be described later . 
[ 0043 ] Conversely , if the quantity of the first inflection 
points 321a - 323b is not smaller than the preset quantity and 
the distance between every two of the first inflection points 
321a - 323b does not exceed the preset distance , the projec 
tion apparatus 200 may determine , for example , that the first 
inflection points 321a - 323b are suitable for delineating the 
first contour , but this does not constitute any limitation on 
the invention . 
[ 0044 ] In FIG . 3A , assuming that the projection apparatus 
200 determines that the first inflection points 321a - 323b are 
suitable for delineating the first contour , the projection 
apparatus 200 may further control , through the processor 
204 , the module stored in the storage circuit 201 to delineate 
the first contour based on the first inflection points 321a 
323b . In an embodiment , the projection apparatus 200 may 
connect every two adjacent points in the first inflection 
points 321a - 323b to form a closed line segment , and use the 
closed line segment as the first contour , but this does not 
constitute any limitation . 
[ 0045 ] Subsequently , according to the invention , it may be 
further checked whether the delineated first contour matches 
the region contour of the non - planar region 199a . In an 
embodiment , after delineating the first contour , the projec 
tion apparatus 200 may determine , through the processor 
204 , whether an acknowledgement command or non - ac 
knowledgement command is received . 
[ 0046 ] For example , after the projection apparatus 200 
delineates the first contour , the projection apparatus 200 may 
render the first contour to the user for viewing , and simul 
taneously provide a dialog box asking the user to check 
whether the first contour matches the region contour of the 
non - planar region 199a . In this case , the acknowledgement 
command may be , for example , generated by operating the 

dialog box after the user visually confirms that the first 
contour matches the region contour of the non - planar region 
199a . In addition , if the user visually confirms that the first 
contour does not match the region contour of the non - planar 
region 199a , the user may also generate the non - acknowl 
edgement command by operating the dialog box , but this 
does not constitute any limitation . 
[ 0047 ] Therefore , in the first embodiment , when the pro 
jection apparatus 200 determines , through the processor 204 , 
that an acknowledgement command is received , it may 
determined that the first contour matches the region contour 
of the non - planar region 199a . Subsequently , the projection 
apparatus 200 may control , through the processor 204 , the 
module stored in the storage circuit 201 to generate a first 
mask pattern based on the first contour . The first mask 
pattern may be used for masking the outer region of the first 
contour . In other words , an unmasked region in the first 
mask pattern corresponds to the non - planar region 199a . 
Subsequently , the projection apparatus 200 may control , 
through the processor 204 , the module stored in the storage 
circuit 201 to obtain projection content , and mask the 
projection content by using the first mask pattern . In this 
case , other than the part corresponding to the non - planar 
region 199a , all the remaining part of the masked projection 
content is masked . Correspondingly , the projection appara 
tus 200 may control the projection circuit 202 through the 
processor 204 to project the masked projection content onto 
the projection surface 199. As can be seen from the fore 
going , the projection apparatus 200 in the invention can 
adaptively generate a corresponding first mask pattern 
according to the region contour of the non - planar region 
199a , so that an unmasked region in the projection content 
can be correctly rendered in the non - planar region 199a . 
[ 0048 ] On the other hand , in a second embodiment , when 
the projection apparatus 200 determines , through the pro 
cessor 204 , that a non - acknowledgement command is 
received , it may be determined that the first contour does not 
match the region contour of the non - planar region 199a . 
Using FIG . 3A as an example , assuming that the user 
visually determines that the first contour delineated based on 
the first inflection points 321a - 323b does not match the 
non - planar region 199a , and operates the dialog box corre 
spondingly , the projection apparatus 200 may determine , 
according to the received non - acknowledgement command , 
that the first contour does not match the region contour of the 
non - planar region 199a . 
[ 0049 ] In this case , as mentioned above , the projection 
apparatus 200 in the invention may further project one or 
more other patterns in an attempt to construct / delineate the 
contour of the non - planar region 199a and generate a 
corresponding mask pattern . Related details will be 
described with reference to the following third embodiment , 
fourth embodiment , and fifth embodiment . 
[ 0050 ] Refer to FIG . 3B , which is a schematic diagram of 
projecting a second pattern onto a projection surface accord 
ing to another embodiment ( the third embodiment ) of the 
invention . In the third embodiment , when the projection 
apparatus 200 determines that the first inflection points 
321a - 323b in the first image M1 are not suitable for delin 
eating the first contour , or that the delineated first contour 
does not match the region contour of the non - planar region 
199a , the projection apparatus 200 may stop projecting the 
first pattern 310 and then control the projection circuit 202 
through the processor 204 to project the second pattern 330 



US 2021/0377500 A1 Dec. 2 , 2021 
5 

2 

onto the projection surface 199. As shown in FIG . 3B , the 
second pattern 330 may include a plurality of second straight 
lines 331 , and one of the second straight lines 331 is not 
parallel to one of the first straight lines 311 shown in FIG . 
3A . For example , the first straight line 311 in FIG . 3A is , for 
example , a longitudinal straight line , and the second straight 
line 331 in FIG . 3B is , for example , a transverse straight line . 
[ 0051 ] Subsequently , the projection apparatus 200 may 
control the imaging circuit 203 through the processor 204 to 
shoot a second image M2 of the projection surface 199 on 
which the second pattern 330 is rendered , and may control , 
through the processor 204 , the module stored in the storage 
circuit 201 to find at least one second specific line segment 
in the second image M2 . Each second specific line segment 
includes at least one second inflection point caused by the 
non - planar region 199a . In this embodiment , a mechanism 
for the projection apparatus 200 to find the second specific 
line segment in the second image M2 may be obtained by 
referring to the mechanism of finding the first specific line 
segment in the first image M1 , and therefore , the details 
thereof are omitted herein . 
[ 0052 ] In FIG . 3B , it is assumed that the projection 
apparatus 200 finds the second specific line segments 341 
345 in the second image M2 , and the second specific line 
segments may individually include one or more second 
inflection points . For example , the second specific line 
segment 342 may include second inflection points 342a and 
342b . A person of ordinary skill in the art may be able to 
deduce the second inflection points in the remaining second 
specific line segments accordingly . Therefore , the details 
thereof are omitted herein . 
[ 0053 ] Thereafter , the projection apparatus 200 may deter 
mine whether the first inflection points in the first image M1 
and the second inflection points in the second image M2 ( for 
example , the second inflection points 342a and 342b ) are 
suitable for delineating the second contour . In an embodi 
ment , the projection apparatus 200 may map the first inflec 
tion points in the first image M1 and the second inflection 
points in the second image M2 onto the same reference 
image , and then determine whether the first inflection points 
and the second inflection points are suitable for delineating 
the second contour . 
[ 0054 ] Refer to FIG . 3C , which is a schematic diagram of 
a reference image according to FIG . 3A and FIG . 3B . In this 
embodiment , it is assumed that the projection apparatus 200 
may map the first inflection points in the first image M1 and 
the second inflection points in the second image M2 to the 
same reference image MR . In this case , the projection 
apparatus 200 may control , through the processor 204 , the 
module stored in the storage circuit 201 to determine 
whether the quantity of the first inflection points in the 
reference image MR and the quantity of the second inflec 
tion points in the second image M2 are greater than a preset 
quantity ( for example , 3 ) and / or determine whether a dis 
tance between every two of the first inflection points and the 
second inflection points exceeds a preset distance , whereby 
it is determined whether the first inflection points and the 
second inflection points are suitable for delineating the 
second contour . 
[ 0055 ] If the quantity of the first inflection points and the 
second inflection points in the reference image MR is 
smaller than the preset quantity and / or the distance between 
every two of the first inflection points and the second 
inflection points exceeds the preset distance , the projection 

apparatus 200 may determine , for example , that the first 
inflection points and the second inflection points are not 
suitable for delineating the second contour . Conversely , if 
the quantity of the first inflection points and the second 
inflection points in the reference image MR is not smaller 
than the preset quantity and the distance between every two 
of the first inflection points and the second inflection points 
does not exceed the preset distance , the projection apparatus 
200 may determine , for example , that the first inflection 
points and the second inflection points are suitable for 
delineating the second contour , but this does not constitute 
any limitation on the invention . 
[ 0056 ] In the third embodiment , when it is determined that 
the first inflection point in the first image M1 and the second 
inflection point in the second image M2 are suitable for 
delineating the second contour , the projection apparatus 200 
may control , through the processor 204 , the module stored 
in the storage circuit 201 to delineate the second contour 
based on the first inflection point in the first image M1 and 
the second inflection point in the second image M2 . For 
example , the projection apparatus 200 may connect every 
two adjacent points in the inflection points MR1 shown in 
the reference image MR to form a closed line segment C1 , 
and use the closed line segment C1 as the second contour , as 
shown in FIG . 3C , but this does not constitute any limitation . 
[ 0057 ] In the third embodiment , after delineating the sec 
ond contour , the projection apparatus 200 may determine , 
through the processor 204 , whether an acknowledgement 
command or non - acknowledgement command is received . 
Similar to what is mentioned above , after the projection 
apparatus 200 delineates the second contour , the projection 
apparatus 200 may render the second contour to the user for 
viewing , and simultaneously provide a dialog box asking the 
user to check whether the second contour matches the region 
contour of the non - planar region 199a . In this case , the 
acknowledgement command may be , for example , gener 
ated by operating the dialog box after the user visually 
confirms that the second contour matches the region contour 
of the non - planar region 199a . In addition , if the user 
visually confirms that the second contour does not match the 
region contour of the non - planar region 199a , the user may 
also generate the non - acknowledgement command by oper 
ating the dialog box , but this does not constitute any 
limitation . 
[ 0058 ] In addition , in the first embodiment , the first pattern 
310 may also directly include a plurality of first straight lines 
311 and a plurality of second straight lines 331 , and one of 
the second straight lines 331 is not parallel to one of the first 
straight lines 311. For example , the first pattern 310 may 
include a checkerboard pattern formed by the first straight 
lines 311 and the second straight lines 331 , or the first pattern 
310 may include two non - parallel straight lines crossing 
each other . In this way , by referring to the mechanism of 
finding the first specific line segment in the first image M1 , 
the second specific line segment ( 341-345 marked in FIG . 
3B ) that includes the second inflection points ( for example , 
342a and 342b marked in FIG . 3B ) may be found in the first 
image M1 by controlling , through the processor 204 , the 
module stored in the storage circuit 201. When it is deter 
mined that the first inflection points and the second inflec 
tion points in the first image M1 are suitable for delineating 
the first contour , the processor 204 controls the module 
stored in the storage circuit 201 to delineate the first contour 
based on the first inflection points and the second inflection 
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points in the first image M1 . This method includes two 
straight line patterns in which the straight lines are not 
parallel to each other . Therefore , the quantity of inflection 
points for delineating the contour is increased , and it is 
easier to achieve the purpose of delineating the contour that 
matches the region contour of the non - planar region 199a . 
[ 0059 ] In the third embodiment , when the projection appa 
ratus 200 determines , through the processor 204 , that an 
acknowledgement command is received , it may be deter 
mined that the second contour matches the region contour of 
the non - planar region 199a . Subsequently , as shown in FIG . 
3C , the projection apparatus 200 may control , through the 
processor 204 , the module stored in the storage circuit 201 
to generate a corresponding mask pattern MK ( the second 
mask pattern ) based on the second contour . The mask pattern 
MK may be configured to mask the outer region of the 
second contour . In other words , an unmasked region MK1 in 
the mask pattern MK corresponds to the non - planar region 
199a . Subsequently , the projection apparatus 200 may con 
trol , through the processor 204 , the module stored in the 
storage circuit 201 to obtain projection content , and mask 
the projection content by using the mask pattern MK . In this 
case , other than the part corresponding to the non - planar 
region 199a , all the remaining part of the masked projection 
content is masked . Correspondingly , the projection appara 
tus 200 may project the masked projection content onto the 
projection surface 199. As can be seen from the foregoing , 
in the third embodiment , after projecting different patterns 
onto the projection surface , the projection apparatus 200 in 
the invention can delineate the region contour of the non 
planar region 199a by integrating the corresponding inflec 
tion points of each pattern , and generate the corresponding 
mask pattern . 
[ 0060 ] In other words , if the projection apparatus 200 
cannot delineate the region contour of the non - planar region 
199a based on only the corresponding inflection points of a 
single pattern , the projection apparatus 200 can still , after 
projecting another pattern onto the projection surface , inte 
grate the corresponding inflection points of the two patterns 
to delineate the region contour of the non - planar region 199a 
and further adaptively generate a suitable mask pattern . 
[ 0061 ] In addition , in the third embodiment , assuming that 
the user visually determines that the second contour delin 
eated based on the first inflection point and the second 
inflection point does not match the non - planar region 199a , 
and operates the dialog box correspondingly , the projection 
apparatus 200 may determine , according to the received 
non - acknowledgement command , that the second contour 
does not match the region contour of the non - planar region 
199a . In this case , the projection apparatus 200 may further 
project one or more other patterns in an attempt to construct / 
delineate the contour of the non - planar region 199a and 
generate a corresponding mask pattern . 
[ 0062 ] For example , in a fourth embodiment , the projec 
tion apparatus 200 may control the projection circuit 202 
through the processor 204 to project a third pattern ( not 
shown ) onto the projection surface 199. The third pattern 
may include a plurality of third straight lines . Each third 
straight line is parallel to each first straight line 311. A first 
spacing between the first straight lines 311 is greater than a 
third spacing between the third straight lines . That is , a 
density of the third straight lines in the third pattern is higher 
than a density of the first straight lines 311 in the first pattern 
310 . 

[ 0063 ] Subsequently , the projection apparatus 200 may 
control the imaging circuit 203 through the processor 204 to 
shoot a third image ( not shown ) of the projection surface 199 
on which the third pattern is rendered , and find at least one 
third specific line segment in the third image . Each third 
specific line segment includes at least one third inflection 
point . In the fourth embodiment , the projection apparatus 
200 may control , through the processor 204 , the module 
stored in the storage circuit 201 to find , in the way men 
tioned above , at least one third specific line segment with an 
inflection point in the third image , the details of which are 
omitted herein . 
[ 0064 ] In addition , the projection apparatus 200 may con 
trol the projection circuit 202 through the processor 204 to 
project a fourth pattern ( not shown ) onto the projection 
surface 199. The fourth pattern includes a plurality of fourth 
straight lines . Each fourth straight line is parallel to each 
second straight line 331. A second spacing between the 
second straight lines 331 is greater than a fourth spacing 
between the fourth straight lines . That is , a density of the 
fourth straight lines in the fourth pattern is higher than the 
density of the second straight lines 331 in the second pattern 
330 . 
[ 0065 ] Subsequently , the projection apparatus 200 may 
control the imaging circuit 203 through the processor 204 to 
shoot a fourth image ( not shown ) of the projection surface 
199 on which the fourth pattern is rendered , and find at least 
one fourth specific line segment in the fourth image . Each 
fourth specific line segment includes at least one fourth 
inflection point . In the fourth embodiment , the projection 
apparatus 200 may control , through the processor 204 , the 
module stored in the storage circuit 201 to find , in the way 
mentioned above , at least one fourth specific line segment 
with an inflection point in the fourth image , the details of 
which are omitted herein . 
[ 0066 ] Subsequently , the projection apparatus 200 may 
determine whether the third inflection point in the third 
image and the fourth inflection point in the fourth image are 
suitable for delineating a third contour . For example , the 
projection apparatus 200 may determine whether a total 
quantity of the third inflection points and the fourth inflec 
tion points is greater than a preset quantity and / or whether 
a distance between every two of the third inflection points 
and the fourth inflection points is less than a preset distance , 
but this does not constitute any limitation . 
[ 0067 ] When it is determined that the third inflection 
points in the third image and the fourth inflection points in 
the fourth image are suitable for delineating the third con 
tour , the projection apparatus 200 may control , through the 
processor 204 , the module stored in the storage circuit 201 
to delineate the third contour based on the third inflection 
points in the third image and the fourth inflection points in 
the fourth image . The related method may be obtained by 
referring to the related description about FIG . 3C , and the 
details thereof are omitted herein . 
[ 0068 ] Subsequently , similar to the third embodiment , the 
projection apparatus 200 may determine , based on an 
acknowledgement command or non - acknowledgement 
command from the user , whether the third contour matches 
the region contour of the non - planar region 199a . The 
related details may be obtained by referring to the descrip 
tion in the third embodiment , and are omitted herein . 
[ 0069 ] In the fourth embodiment , in a case of determining 
that the third contour matches the region contour of the 
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non - planar region 199a , the projection apparatus 200 may 
control , through the processor 204 , the module stored in the 
storage circuit 201 to generate a third mask pattern based on 
the third contour . The third mask pattern is configured to 
mask an outer region of the third contour . In other words , an 
unmasked region in the third mask pattern corresponds to 
the non - planar region 199a . Subsequently , the projection 
apparatus 200 may control , through the processor 204 , the 
module stored in the storage circuit 201 to obtain projection 
content , and mask the projection content by using the third 
mask pattern . In this case , other than the part corresponding 

the non - planar region 199a , all the remaining part of the 
masked projection content is masked . Correspondingly , the 
projection apparatus 200 may project the masked projection 
content onto the projection surface 199 . 
[ 0070 ] As can be seen from the foregoing , in the fourth 
embodiment , if the second contour delineated by the pro 
jection apparatus 200 based on the corresponding inflection 
points of the lower - density first and second patterns does not 
match the region contour of the non - planar region 199a , the 
projection apparatus 200 in the invention may further project 
the higher - density third and fourth patterns , so as to delin 
eate a third contour that better matches the region contour of 
the non - planar region 199a , and generate a third mask 
pattern accordingly . 
[ 0071 ] In addition , in the fourth embodiment , if the third 
contour still does not match the region contour of the 
non - planar region 199a , the projection apparatus 200 may 
further project one or more other patterns that have higher 
densities , and thus delineate another contour that better 
matches the region contour of the non - planar region 199a 
and generate a corresponding mask pattern accordingly , but 
this does not constitute any limitation . 
[ 0072 ] Furthermore , even in the face of a non - planar 
region that has a more complex contour , the projection 
apparatus 200 in the invention may adaptively generate a 
suitable mask pattern by projecting a denser pattern , so that 
the unmasked region in the projection content can be cor 
rectly rendered in the non - planar region . 
[ 0073 ] In addition , in a fifth embodiment , if the projection 
apparatus 200 determines in the second embodiment that the 
first inflection points 321a - 323b are not suitable for delin 
eating the first contour , or that the delineated first contour 
does not match the region contour of the non - planar region 
199a , then the projection apparatus 200 may control the 
projection circuit 202 through the processor 204 to project a 
fifth pattern ( not shown ) onto the projection surface 199 . 
The fifth pattern may include multiple fifth straight lines . 
Each fifth straight line is parallel to each first straight line 
311 , and the first spacing between the first straight lines 311 
is greater than a fifth spacing between the fifth straight lines . 
That is , a density of the fifth straight lines in the fifth pattern 
is higher than the density of the first straight lines 311 in the 
first pattern 310 . 
[ 0074 ] Subsequently , the projection apparatus 200 may 
control the imaging circuit 203 through the processor 204 to 
shoot a fifth image ( not shown ) of the projection surface 199 
on which the fifth pattern is rendered , and find at least one 
fifth specific line segment in the fifth image . Each fifth 
specific line segment includes at least one fifth inflection 
point . In the fifth embodiment , the projection apparatus 200 
may control , through the processor 204 , the module stored 
in the storage circuit 201 to find , in the way mentioned 

above , at least one fifth specific line segment with an 
inflection point in the fifth image , the details of which are 
omitted herein . 
[ 0075 ] Subsequently , the projection apparatus 200 may 
determine whether the fifth inflection points in the fifth 
image are suitable for delineating the fourth contour . For 
example , the projection apparatus 200 may determine 
whether the quantity of the fifth inflection points is greater 
than a preset quantity and / or whether a distance between 
every two of the fifth inflection points is less than a preset 
distance , but this does not constitute any limitation . 
[ 0076 ] When it is determined that the fifth inflection points 
in the fifth image are suitable for delineating the fourth 
contour , the projection apparatus 200 may control , through 
the processor 204 , the module stored in the storage circuit 
201 to delineate the fourth contour based on the fifth 
inflection points in the fifth image . The related method may 
be obtained by referring to the related description about FIG . 
3C , and the details thereof are omitted herein . 
[ 0077 ] Subsequently , similar to the third embodiment , the 
projection apparatus 200 may determine , based on an 
acknowledgement command or non - acknowledgement 
command from the user , whether the fourth contour matches 
the region contour of the non - planar region 199a . The 
related details may be obtained by referring to the descrip 
tion in the third embodiment , and are omitted herein . 
[ 0078 ] In the fifth embodiment , in a case of determining 
that the fourth contour matches the region contour of the 
non - planar region 199a , the projection apparatus 200 may 
control , through the processor 204 , the module stored in the 
storage circuit 201 to generate a fourth mask pattern based 
on the fourth contour . The fourth mask pattern is configured 
to mask an outer region of the fourth contour . In other words , 
an unmasked region in the fourth mask pattern corresponds 
to the non - planar region 199a . Subsequently , the projection 
apparatus 200 may control , through the processor 204 , the 
module stored in the storage circuit 201 to obtain projection 
content , and mask the projection content by using the fourth 
mask pattern . In this case , other than the part corresponding 
to the non - planar region 199a , all the remaining part of the 
masked projection content is to be masked . Correspond 
ingly , the projection apparatus 200 may project the masked 
projection content onto the projection surface 199 . 
[ 0079 ] As can be seen from the foregoing , in the fifth 
embodiment , if the first contour delineated by the projection 
apparatus 200 based on the corresponding inflection points 
of the lower - density first pattern does not match the region 
contour of the non - planar region 199a , the projection appa 
ratus 200 in the invention may further project the higher 
density fifth pattern , so as to delineate a fourth contour that 
better matches the region contour of the non - planar region 
199a , and generate a fourth mask pattern accordingly . 
[ 0080 ] Understandably , in other embodiments , the projec 
tion apparatus in the invention may generate suitable mask 
patterns corresponding to non - planar regions that each has a 
different region contour , without being limited to the non 
planar region 199a mentioned in the above embodiment . In 
addition , the non - planar region 199a is assumed to be a 
convex surface in the above embodiment . However , in other 
embodiments , the projection apparatus 200 in the invention 
can still adaptively generate a suitable mask pattern auto 
matically for other non - planar regions that have a concave 
surface or both a concave surface and a convex surface . 
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[ 0081 ] In addition , in other embodiments , the pattern 
projected by the projection apparatus 200 onto the projection 
surface is not limited to the forms mentioned in the above 
embodiment . In different embodiments , depending on 
requirements , a designer may adjust the pattern in use to 
other forms , such as but not limited to various crisscross 
straight lines . 
[ 0082 ] Refer to FIG . 4 , which is a flowchart of a method 
for generating a mask according to an embodiment of the 
invention . In this embodiment , a processor 204 of a projec 
tion apparatus 200 may implement the method in FIG . 4 by 
accessing modules and code recorded in a storage circuit 
201. The following describes the steps in FIG . 4 with 
reference to FIG . 2 . 
[ 0083 ] First , in step S410 , the processor 204 may control 
the projection circuit 202 to project a first pattern 310 onto 
a projection surface 199. In step S420 , the processor 204 
may control an imaging circuit 203 to shoot a first image M1 
of the projection surface 199 on which a first pattern 310 is 
rendered . In step S430 , the processor 204 may find at least 
one first specific line segment 321-323 in the first image M1 . 
In step S440 , the processor 204 may delineate a first contour 
based on at least one first inflection point 321a - 323b in a 
case of determining that the at least one first inflection point 
321a - 323b in the first image M1 is suitable for delineating 
the first contour . In step S450 , the processor 204 may 
generate a first mask pattern based on the first contour in a 
case of determining that the first contour matches a region 
contour of the non - planar region 199a . Details of the above 
steps may be obtained by referring to the description in the 
preceding embodiments , and are omitted herein . 
[ 0084 ] Based on the foregoing , according to the method 
and the projection apparatus in the invention , after one or 
more patterns are projected onto the projection surface that 
includes a non - planar region , the contour corresponding to 
the region contour of the non - planar region can be delin 
eated based on the inflection points that are of the patterns 
and caused by the non - planar region , and the corresponding 
mask pattern is generated accordingly . The mask pattern 
may be configured to mask the outer region of the contour . 
That is , the projection apparatus in the invention can adap 
tively generate a corresponding mask pattern according to 
the region contour of the non - planar region , so that an 
unmasked region in the projection content can be correctly 
rendered in the non - planar region . 
[ 0085 ] The foregoing descriptions are merely exemplary 
embodiments of the invention , and are not intended to limit 
the scope of implementation of the invention . To be specific , 
any simple equivalent changes and modifications made 
according to the claims and the specification of the invention 
shall still fall within the patent scope of the invention . 
Moreover , any embodiment or claim of the invention is 
unnecessarily to achieve all the objectives , advantages or 
features disclosed in the invention . In addition , the abstract 
of the specification and the title of the invention are used 
only to help with patent document retrieval , and are not 
intended to limit the scope of the claims of the invention . In 
addition , the terms “ first ” , “ second ” , and the like mentioned 
in the specification or the claims are used only to name 
elements or to distinguish between different embodiments or 
ranges , but are not intended to define the upper or lower limit 
of the number of elements . 
[ 0086 ] The foregoing description of the exemplary 
embodiments of the invention has been presented for pur 

poses of illustration and description . It is not intended to be 
exhaustive or to limit the invention to the precise form or to 
exemplary embodiments disclosed . Accordingly , the fore 
going description should be regarded as illustrative rather 
than restrictive . Obviously , many modifications and varia 
tions will be apparent to practitioners skilled in this art . The 
embodiments are chosen and described in order to best 
explain the principles of the invention and its best mode 
practical application , thereby to enable a person skilled in 
the art to understand the invention for various embodiments 
and with various modifications as are suited to the particular 
use or implementation contemplated . It is intended that the 
scope of the invention be defined by the claims appended 
hereto and their equivalents in which all terms are meant in 
their broadest reasonable sense unless otherwise indicated . 
Therefore , the term “ the invention ” , “ the present invention ” 
or the like does not necessarily limit the claim scope to a 
specific embodiment , and the reference to particularly exem 
plary embodiments of the invention does not imply a limi 
tation on the invention , and no such limitation is to be 
inferred . The invention is limited only by the spirit and scope 
of the appended claims . Moreover , these claims may refer to 
use “ first ” , “ second ” , etc. following with noun or element . 
Such terms should be understood as a nomenclature and 
should not be construed as giving the limitation on the 
number of the elements modified by such nomenclature 
unless specific number has been given . The abstract of the 
disclosure is provided to comply with the rules requiring an 
abstract , which will allow a searcher to quickly ascertain the 
subject matter of the technical disclosure of any patent 
issued from this disclosure . It is submitted with the under 
standing that it will not be used to interpret or limit the scope 
or meaning of the claims . Any advantages and benefits 
described may not apply to all embodiments of the inven 
tion . It should be appreciated that variations may be made in 
the embodiments described by a person skilled in the art 
without departing from the scope of the invention as defined 
by the following claims . Moreover , no element and compo 
nent in the present disclosure is intended to be dedicated to 
the public regardless of whether the element or component 
is explicitly recited in the following claims . 
What is claimed is : 
1. A method for generating a mask , applied to a projection 

apparatus , the method for generating the mask comprising : 
projecting a first pattern onto a projection surface , 

wherein the projection surface comprises a non - planar 
region , and the first pattern comprises a plurality of first 
straight lines ; 

shooting a first image of the projection surface on which 
the first pattern is rendered ; 

finding at least one first specific line segment in the first 
image , wherein each first specific line segment com 
prises at least one first inflection point ; 

delineating a first contour based on the at least one first 
inflection point in a case of determining that the at least 
one first inflection point in the first image is suitable for 
delineating the first contour ; and 

generating a first mask pattern based on the first contour 
in a case of determining that the first contour matches 
a region contour of the non - planar region , wherein the 
first mask pattern is configured to mask an outer region 
of the first contour . 

2. The method for generating the mask according to claim 
1 , wherein in a case of determining that the at least one first 

> . 



US 2021/0377500 A1 Dec. 2 , 2021 
9 

a 

inflection point in the first image is not suitable for delin 
eating the first contour or in a case of determining that the 
first contour does not match the region contour of the 
non - planar region , the method for generating the mask 
further comprises : 

projecting a second pattern onto the projection surface , 
wherein the second pattern comprises a plurality of 
second straight lines , wherein one of the plurality of 
second straight lines is not parallel to one of the 
plurality of first straight lines ; 

shooting a second image of the projection surface on 
which the second pattern is rendered ; 

finding at least one second specific line segment in the 
second image , wherein each second specific line seg 
ment comprises at least one second inflection point ; 

delineating a second contour based on the at least one first 
inflection point in the first image and the at least one 
second inflection point in the second image in a case of 
determining that the at least one first inflection point in 
the first image and the at least one second inflection 
point in the second image are suitable for delineating 
the second contour ; and 

generating a second mask pattern based on the second 
contour in a case of determining that the second con 
tour matches the region contour of the non - planar 
region , wherein the second mask pattern is configured 
to mask an outer region of the second contour . 

3. The method for generating the mask according to claim 
2 , wherein a first spacing exists between the plurality of first 
straight lines , a second spacing exists between the plurality 
of second straight lines , and in a case of determining that the 
second contour does not match the region contour of the 
non - planar region , the method for generating the mask 
further comprises : 

projecting a third pattern onto the projection surface , 
wherein the third pattern comprises a plurality of third 
straight lines , each of the third straight lines is parallel 
to each of the first straight lines , and the first spacing 
between the plurality of first straight lines is greater 
than a third spacing between the plurality of third 
straight lines : 

shooting a third image of the projection surface on which 
the third pattern is rendered ; 

finding at least one third specific line segment in the third 
image , wherein each third specific line segment com 
prises at least one third inflection point ; 

projecting a fourth pattern onto the projection surface , 
wherein the fourth pattern comprises a plurality of 
fourth straight lines , wherein each of the fourth straight 
lines is parallel to each of the second straight lines , and 
the second spacing between the plurality of second 
straight lines is greater than a fourth spacing between 
the plurality of fourth straight lines ; 

shooting a fourth image of the projection surface on 
which the fourth pattern is rendered ; 

finding at least one fourth specific line segment in the 
fourth image , wherein each fourth specific line segment 
comprises at least one fourth inflection point ; 

delineating a third contour based on the at least one third 
inflection point in the third image and the at least one 
fourth inflection point in the fourth image in a case of 
determining that the at least one third inflection point in 

the third image and the at least one fourth inflection 
point in the fourth image are suitable for delineating the 
third contour , and 

generating a third mask pattern based on the third contour 
in a case of determining that the third contour matches 
the region contour of the non - planar region , wherein 
the third mask pattern is configured to mask an outer 
region of the third contour . 

4. The method for generating the mask according to claim 
1 , wherein the first pattern further comprises a plurality of 
second straight lines , wherein one of the plurality of second 
straight lines is not parallel to one of the plurality of first 
straight lines , and the method for generating the mask 
further comprises : 

finding at least one second specific line segment in the 
first image , wherein each second specific line segment 
comprises at least one second inflection point ; and 

delineating the first contour based on the at least one first 
inflection point and the at least one second inflection 
point in the first image in a case of determining that the 
at least one first inflection point and the at least one 
second inflection point in the first image are suitable for 
delineating the first contour . 

5. The method for generating the mask according to claim 
1 , wherein a quantity of the at least one first inflection point 
is at least three , and the step of delineating the first contour 
based on the at least one first inflection point comprises : 

connecting every two adjacent inflection points in the at 
least three first inflection points to form a closed line 
segment , and using the closed line segment as the first 
contour . 

6. The method for generating the mask according to claim 
1 , wherein after delineating the first contour based on the at 
least one first inflection point in the first image , the method 
for generating the mask further comprises : 

determining , in a case of determining receipt of an 
acknowledgment command , that the first contour 
matches the region contour of the non - planar region ; or 

determining , in a case of determining receipt of a non 
acknowledgement command , that the first contour does 
not match the region contour of the non - planar region . 

7. The method for generating the mask according to claim 
1 , wherein each of the first straight lines has a first preset 
slope , the each first specific line segment comprises a 
specific slope , and the specific slope is different from the 
first preset slope . 

8. The method for generating the mask according to claim 
7 , wherein a plurality of reference line segments correspond 
ing to the plurality of first straight lines exist in the first 
image , and the step of finding the at least one first specific 
line segment in the first image comprises : 

determining , in a case of determining that at least one 
reference inflection point exists on an ith reference line 
segment in the plurality of reference line segments , 
whether the at least one reference inflection point exists 
on an ( i - 1 ) th reference line segment or an ( i + 1 ) th 
reference line segment in the plurality of reference line 
segments , wherein a reference slope comprised by each 
of the plurality of reference line segments is different 
from the first preset slope , and i is an index value of the 
plurality of reference line segments ; 

determining , in a case of determining that at least one 
reference inflection point exists on the ( i - 1 ) th reference 
line segment or the ( i + 1 ) * h reference line segment in the 

a 
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plurality of reference line segments , that the ith refer 
ence line segment belongs to the at least one first 
specific line segment , and determining that the at least 
one reference inflection point on the ith reference line 
segment belongs to the at least one first inflection point ; 
or 

a 

determining , in a case of determining that no reference 
inflection point exists on the ( i - 1 ) th reference line 
segment and the ( i + 1 ) th reference line segment in the 
plurality of reference line segments , that the ith refer 
ence line segment does not belong to the at least one 
first specific line segment , and determining that the at 
least one reference inflection point on the ith reference 
line segment does not belong to the at least one first 
inflection point . 

9. The method for generating the mask according to claim 
1 , wherein each of the first straight lines has a first preset 
curvature , the each first specific line segment comprises a 
specific curvature , and the specific curvature is different 
from the first preset curvature . 

10. The method for generating the mask according to 
claim 1 , further comprising : 

obtaining projection content , and masking the projection 
content using the first mask pattern ; and 

projecting the masked projection content onto the projec 
tion surface . 

11. The method for generating the mask according to 
claim 1 , wherein in a case of determining that the at least one 
first inflection point in the first image is not suitable for 
delineating the first contour or in a case of determining that 
the first contour does not match the region contour of the 
non - planar region , the method for generating the mask 
further comprises : 

projecting a fifth pattern onto the projection surface , 
wherein the fifth pattern comprises a plurality of fifth 
straight lines , wherein each of the fifth straight lines is 
parallel to each of the first straight lines , and a first 
spacing between the plurality of first straight lines is 
greater than a fifth spacing between the plurality of fifth 
straight lines ; 

shooting a fifth image of the projection surface on which 
the fifth pattern is rendered ; 

finding at least one fifth specific line segment in the fifth 
image , wherein each fifth specific line segment com 
prises at least one fifth inflection point ; 

delineating a fourth contour based on the at least one fifth 
inflection point in the fifth image in a case of deter 
mining that the at least one fifth inflection point in the 
fifth image is suitable for delineating the fourth con 

projection surface comprises a non - planar region , 
and the first pattern comprises a plurality of first 
straight lines ; 

the processor controls the imaging circuit to shoot a 
first image of the projection surface on which the 
first pattern is rendered ; 

the processor controls the plurality of modules to find 
at least one first specific line segment in the first 
image , wherein each first specific line segment com 
prises at least one first inflection point ; 

the processor controls the plurality of modules to 
delineate a first contour based on the at least one first 
inflection point in a case of determining that the at 
least one first inflection point in the first image is 
suitable for delineating the first contour ; and 

the processor controls the plurality of modules to 
generate a first mask pattern based on the first 
contour in a case of determining that the first contour 
matches a region contour of the non - planar region , 
wherein the first mask pattern is configured to mask 
an outer region of the first contour . 

13. The projection apparatus according to claim 12 , 
wherein in a case of determining that the at least one first 
inflection point in the first image is not suitable for delin 
eating the first contour or in a case of determining that the 
first contour does not match the region contour of the 
non - planar region : 

the processor controls the projection circuit to project a 
second pattern onto the projection surface , wherein the 
second pattern comprises a plurality of second straight 
lines , wherein one of the plurality of second straight 
lines is not parallel to one of the plurality of first 
straight lines ; 

the processor controls the imaging circuit to shoot a 
second image of the projection surface on which the 
second pattern is rendered ; 

the processor controls the plurality of modules to find at 
least one second specific line segment in the second 
image , wherein each second specific line segment com 
prises at least one second inflection point ; 

the processor controls the plurality of modules to delin 
eate a second contour based on the at least one first 
inflection point in the first image and the at least one 
second inflection point in the second image in a case of 
determining that the at least one first inflection point in 
the first image and the at least one second inflection 
point in the second image are suitable for delineating 
the second contour ; and 

the processor controls the plurality of modules to generate 
a second mask pattern based on the second contour in 
a case of determining that the second contour matches 
the region contour of the non - planar region , wherein 
the second mask pattern is configured to mask an outer 
region of the second contour . 

14. The projection apparatus according to claim 13 , 
wherein a first spacing exists between the plurality of first 
straight lines , a second spacing exists between the plurality 
of second straight lines , and in a case of determining that the 
second contour does not match the region contour of the 
non - planar region : 

the processor controls the projection circuit to project a 
third pattern onto the projection surface , wherein the 
third pattern comprises a plurality of third straight 
lines , wherein each of the third straight lines is parallel 

tour ; and 
generating a fourth mask pattern based on the fourth 

contour in a case of determining that the fourth contour 
matches the region contour of the non - planar region , 
wherein the fourth mask pattern is configured to mask 
an outer region of the fourth contour . 

12. A projection apparatus , comprising a storage circuit , a 
projection circuit , an imaging circuit , and a processor , 
wherein 

the storage circuit stores a plurality of modules ; and 
the processor is coupled to the storage circuit , the pro 

jection circuit , and the imaging circuit , and accesses the 
plurality of modules , wherein : 
the processor controls the projection circuit to project a 

first pattern onto a projection surface , wherein the 
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to each of the first straight lines , and the first spacing 
between the plurality of first straight lines is greater 
than a third spacing between the plurality of third 
straight lines ; 

the processor controls the imaging circuit to shoot a third 
image of the projection surface on which the third 
pattern is rendered ; 

the processor controls the plurality of modules to find at 
least one third specific line segment in the third image , 
wherein each third specific line segment comprises at 
least one third inflection point ; 

the processor controls the projection circuit to project a 
fourth pattern onto the projection surface , wherein the 
fourth pattern comprises a plurality of fourth straight 
lines , wherein each of the fourth straight lines is 
parallel to each of the second straight lines , and the 
second spacing between the plurality of second straight 
lines is greater than a fourth spacing between the 
plurality of fourth straight lines ; 

the processor controls the imaging circuit to shoot a fourth 
image of the projection surface on which the fourth 
pattern is rendered ; 

the processor controls the plurality of modules to find at 
least one fourth specific line segment in the fourth 
image , wherein each fourth specific line segment com 
prises at least one fourth inflection point ; 

the processor controls the plurality of modules to delin 
eate a third contour based on the at least one third 
inflection point in the third image and the at least one 
fourth inflection point in the fourth image in a case of 
determining that the at least one third inflection point in 
the third image and the at least one fourth inflection 
point in the fourth image are suitable for delineating the 
third contour ; and 

the processor controls the plurality of modules to generate 
a third mask pattern based on the third contour in a case 
of determining that the third contour matches the region 
contour of the non - planar region , wherein the third 
mask pattern is configured to mask an outer region of 
the third contour . 

15. The projection apparatus according to claim 12 , 
wherein the first pattern further comprises a plurality of 
second straight lines , wherein one of the plurality of second 
straight lines is not parallel to one of the plurality of first 
straight lines , wherein : 

the processor controls the plurality of modules to find at 
least one second specific line segment in the first image , 
wherein each second specific line segment comprises at 
least one second inflection point ; and 

the processor controls the plurality of modules to delin 
eate the first contour based on the at least one first 
inflection point and the at least one second inflection 
point in the first image in a case of determining that the 
at least one first inflection point and the at least one 
second inflection point in the first image are suitable for 
delineating the first contour . 

16. The projection apparatus according to claim 12 , 
wherein a quantity of the at least one first inflection point is 
at least three , wherein the processor controls the plurality of 
modules to connect every two adjacent inflection points in 
the at least three first inflection points to form a closed line 
segment , and use the closed line segment as the first contour . 

17. The projection apparatus according to claim 12 , 
wherein after delineating the first contour based on the at 
least one first inflection point in the first image : 

in a case of determining receipt of an acknowledgment 
command , the processor determines that the first con 
tour matches the region contour of the non - planar 
region ; or 

in a case of determining receipt of a non - acknowledge 
ment command , the processor determines that the first 
contour does not match the region contour of the 
non - planar region . 

18. The projection apparatus according to claim 13 , 
wherein each of the first straight lines has a first preset slope , 
the each first specific line segment comprises a specific 
slope , and the specific slope is different from the first preset 
slope . 

19. The projection apparatus according to claim 18 , 
wherein a plurality of reference line segments corresponding 
to the plurality of first straight lines exist in the first image , 
wherein : 

in a case that the processor controls the plurality of 
modules to determine that at least one reference inflec 
tion point exists on an ith reference line segment in the 
plurality of reference line segments , the processor 
controls the plurality of modules to determine whether 
the at least one reference inflection point exists on an 
( i - 1 ) th reference line segment or an ( i + 1 ) th reference 
line segment in the plurality of reference line segments , 
wherein a reference slope comprised by each of the 
plurality of reference line segments is different from the 
first preset slope , and i is an index value of the plurality 
of reference line segments ; 

in a case that the processor controls the plurality of 
modules to determine that at least one reference inflec 
tion point exists on the ( i - 1 ) reference line segment or 
the ( i + 1 ) * h reference line segment in the plurality of 
reference line segments , the ith reference line segment 
is determined as belonging to the at least one first 
specific line segment , and the at least one reference 
inflection point on the ith reference line segment is 
determined as belonging to the at least one first inflec 
tion point ; or 

in a case that the processor controls the plurality of 
modules to determine that no reference inflection point 
exists on the ( i - 1 ) th reference line segment and the 
( i + 1 ) th reference line segment in the plurality of refer 
ence line segments , the ith reference line segment is 
determined as not belonging to the at least one first 
specific line segment , and the at least one reference 
inflection point on the ith reference line segment is 
determined as not belonging to the at least one first 
inflection point . 

20. The projection apparatus according to claim 12 , 
wherein each of the first straight lines has a first preset 
curvature , the each first specific line segment comprises a 
specific curvature , and the specific curvature is different 
from the first preset curvature . 

21. The projection apparatus according to claim 12 , 
wherein the processor controls the plurality of modules to 
obtain projection content , and mask the projection content 
using the first mask pattern ; and the processor controls the 
projection circuit to project the masked projection content 
onto the projection surface . 
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22. The projection apparatus according to claim 12 , 
wherein in a case of determining that the at least one first 
inflection point in the first image is not suitable for delin 
eating the first contour or in a case of determining that the 
first contour does not match the region contour of the 
non - planar region : 

the processor controls the projection circuit to project a 
fifth pattern onto the projection surface , wherein the 
fifth pattern comprises a plurality of fifth straight lines , 
each of the fifth straight lines is parallel to each of the 
first straight lines , and a first spacing between the 
plurality of first straight lines is greater than a fifth 
spacing between the plurality of fifth straight lines ; 

the processor controls the imaging circuit to shoot a fifth 
image of the projection surface on which the fifth 
pattern is rendered ; and 

find at least one fifth specific line segment in the fifth 
image , wherein each fifth specific line segment com 
prises at least one fifth inflection point ; 

the processor controls the plurality of modules to delin 
eate a fourth contour based on the at least one fifth 
inflection point in the fifth image in a case of deter 
mining that the at least one fifth inflection point in the 
fifth image is suitable for delineating the fourth con 
tour ; and 

the processor controls the plurality of modules to generate 
a fourth mask pattern based on the fourth contour in a 
case of determining that the fourth contour matches the 
region contour of the non - planar region , wherein the 
fourth mask pattern is configured to mask an outer 
region of the fourth contour . 


