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Fig. 1 Overall system structure

FPN ¥ J& &8 43 & 4 538 Hh 0 58 = L U 2 78 R 1
Bl A, DL AR B R O B )RR AE
T AR AR PR O B =R 0 BB LN A
SR 5 il 1R R G B BT A R AR 2 W PR U — A R
1o 5 BT R T A R AE J2 5 5 O 2 AR E A B R A 7 A, il
FHSCH R R I T BLRRAE RS % R A 0 28 SR 43 1k %
AIE B SO XA T/ B AR iR 5 e 5 % 2 B
SR N AFRAE R SU B FPN #3020 45+ 1| n 5] 3
FIF7R o

2.3 YESHEE

FRAES2 BCAY B 1Y 2 A5 — A RE 8 76 1B KR 1A
1 18] 2 i fR R TR 25 . — > TG i G RS 0 )1 25 4R
X=[ 21, &o, oo, 24 o+, 2, |, 30 15 LA B2 £ WU
I 5 005 P 28 X6k 7 ) R T 47 DG T K A 42 I B
W X THEAMER 2, e R H P A w. e 55
AVES Y AN R D= - G A g e =¥ ki TR | 7 N e
1 AN PG PR R 181 23 B FL (2 )E R T Rl
FO(x )ERM < Mo b9 w0 d'" 43 591 32 7R 5 iE

0212005-2



FRIeT EA43E FE28/2023 £ 1 B/FFHR
ResNet18 backbone FPN legends
| ground truth |
bounding | predicted heat map |
box

regression

convl[BN(bai
snormalization)+ReLU] 4

B2 WEEATED OLED {5 2% Bl b £6 I 530 1 4 K 45
Fig. 2 Overall structure of pixel defect detection algorithm for inkjet printing OLED pixel
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Fig. 3 Structure diagram of FPN expansion section
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Fig. 4 Typical 6 types of samples. (a) Without defect; (b) single class satellite points; (c) multi class satellite points; (d) incomplete

bank; (e) large droplet of ink overflows bank; (f) multiple defects
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Fig. 5

Augmentation examples of inkjet printing OLED pixel image data. (a) Original image; (b) random sharpness; (c) flip

transformation; (d) random contrast; (e) random cropping; (f) random brightness
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Table 1 Sample distribution of OLED pixel data set for inkjet printing

Satellite

Data set - Incomplete bank Overflow Multiple defects Normal Total
poin
Train 0 0 0 860 860
Test 45 38 48 53 40 224
Total 45 38 48 53 900 1084
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Table 2 Performance index of defect detection for each category of inkjet printed OLED pixel image

Defect type Image level AUC /% Pixel level AUC /%

Single class satellite points 100. 0 96.5
Multi class satellite points 100. 0 85.0
Incomplete bank 99.8 95.1

Large droplet of ink overflows bank 99.9 83.9
Multiple defects 99.3 83.5

Average 99.8 88.8
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Table 3 Comparison of defect detection effects of different methods on inkjet printed OLED data sets

Algorithm Image level AUC /% Pixel level AUC /%
SPADE 85.5 79.7
PaDiM 95.3 84.2
ResNet18+FPN 94.3 85.1
ResNet18-+ Expanded FPN 99.8 88.8
original image groundtruth predicted heat map predicted mask segmentation result

ResNet18+FPN PaDiM SPADE

ResNet18+Expanded FPN
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Fig. 6 Effect of different methods on defect segmentation in inkjet printing OLED pixel image data set. (a) Original images; (b) ground

truths; (c) predicted heat maps; (d) predicted binary masks; (e) defect segmentation results
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Fig. 7 Segmentation effect of proposed method on each defect. (a) Original images; (b) ground truths; (c) predicted heat maps;

(d) predicted binary masks; (e) defect segmentation results
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Abstract
Objective Preparing organic light-emitting diode (OLED) displays by inkjet printing technology is a research direction for

next-generation display technologies. This technology is a material-saving deposition technology characterized by simple
process, low cost, low power consumption, and capability for mass production, and it has thus been widely used in the
electronics industry. The inkjet printing process imposes an extremely strict requirement on the accuracy of the process
parameters, and printing defects are prone to occur when the parameters are outside the error ranges. In the preparation
process, the printed OLED pixel image consists of repetitive and equally spaced horizontal and vertical lines, and this
background texture varies with illumination conditions. The variation in texture, the low contrast of the defective pixels,
and the changing size of the defective area pose a great challenge to the detection of printing defects. The possible printing
defects are divided into two main categories: film-forming integrity defects in printed OLED pixels and film thickness
uniformity defects in printed OLED pixels. Among them, film-forming integrity defects include the presence of satellite
points, failure to cover the whole bank, overflow of overlarge ink droplets from the bank, and a mix of multiple types of
defects. Automatic optical inspection (AOI) technology is widely used for the detection of OLED defects. Although most
of the existing methods achieve favorable results in detecting the defects on the OLED panel surface, they tend to ignore
the detailed features of defects in printed OLED pixels when they are applied to detect such defects. They are insufficient
in the cases of limited printed pixel images and tiny pixel defects and consequently fail to deliver favorable results in pixel
defect detection when the quality of printed OLED pixel images is reduced. To effectively improve the accuracy of the
detection of OLED pixel defects and achieve the intelligent detection of inkjet-printed OLED pixel defects, this paper
proposes an extended feature pyramid network (FPN) and applies it to the task of detecting OLED pixel defects.
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Methods The features are enhanced by fusing the feature pyramids at different levels. A dedicated feature extraction

module for small targets is added to enhance the sensitivity of the detection of OLED pixel defects. Then, an additional
high-resolution pyramid layer is used to extract credible regional details, and the channel capacity is reduced by fusing the
two pyramid layers at bottom to fully utilize the information from the underlying feature map. Finally, transfer learning is

applied to limited samples to address the problem of low goodness of fit caused by insufficient sample data.

Results and Discussions Specifically, the microscopic images of six typical types of pixels are presented (Fig. 4). To
prevent the problems of low detection accuracy, low goodness of fit, and poor robustness of the detection model resulting
from insufficient samples of inkjet-printed OLED pixels, this paper extends the number of initial samples collected by a
data augmentation algorithm (Fig. 5). The sample datasets are built (Table 1), and the defects in the inkjet-printed OLED
pixel images with defects of different types are detected. According to the results, the method proposed in this paper
performs best in detecting two types of defects, namely, single-class satellite points, and failures to cover the whole bank.
It delivers the second-best results in detecting the overflow of overlarge ink droplets from the bank and the mix of multiple
types of defects (Table 2). Subsequently, the paper compares the defect detection area under the curve (AUC) values of
the proposed method and the current unsupervised defect detection methods based on feature space, 1. e., semantic
pyramid anomaly detection (SPADE) and patch distribution modeling (PaDiM), on the inkjet-printed OLED pixel image
dataset. Then, taking the single-class satellite points as an example, this paper compares the effectiveness of different
methods in defect segmentation on the inkjet-printed OLED pixel image dataset (Fig. 6). By contrast, the performance of
SPADE algorithm severely degrades, and this is caused by the lack of customized feature learning. The model proposed in
this paper can capture the feature distribution of defect-free images well in a small amount of data, indicating the

effectiveness of the proposed method in detecting inkjet-printed OLED pixel defects.

Conclusions This paper proposes a detection method for OLED pixel defects based on an extended FPN. According to
the features of inkjet-printed OLED pixel defects, the paper extends the original FPN, effectively obtains regional details
at different levels of the hierarchy, and integrates semantic information from higher levels in a pyramidal manner to enrich
the underlying features and enhance the contrast of details. More accurate detection of OLED pixel defects is thereby
achieved. In addition, combined with ResNetl8, the method proposed in this paper attains a robust generalization ability
for a limited amount of OLED pixel image data. The results show that compared with other methods, the proposed
method demonstrates superior performance, with a defect detection rate of 99.8% and a defect segmentation accuracy of
88.8% on the inkjet-printed OLED pixel dataset. Therefore, the proposed method can achieve favorable detection results

on such small sample datasets and largely meets the industrial demand of OLED mass production in large sizes.

Key words measurement; organic light-emitting diode; inkjet printing; defect detection; feature pyramid; defect

segmentation
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