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Centre for Advances in Reliability and Safety (CAIRS) working on
different research projects of the five research programs focusing on
product reliability and system safety. In this issue, we invited Prof.
Kenneth Lam, Associate Dean of Faculty of Engineering, Department of
Electronic and Information Engineering at The Hong Kong Polytechnic
University and he leads one of our research programs “Anomaly
Detection and Syndromic Surveillances” to share his research
experiences for the readers of CAIRS newsletter.
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DEVELOPING RELIABLE VISUAL DETECTION
AT DIFFERENT TIMES OF THE DAY

LRFIEATEEXEANRRRE A ERERA

SEMESHURREE

I A Conversation with Professor Kenneth Lam

Professor Kenneth Lam is the Associate Dean of Faulty of Engineering at
The Hong Kong Polytechnic University. He has published more than 120
journal articles and 150 conference articles. More than half of his
publications are on face-image analysis and recognition.
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INTERVIEW

I Would you share your opinions on how computer vision can help with the reliability of systems?

AN E—THEMBERANAINERER G RE?

Nowadays, we are surrounded by different machines and systems.
Machines do not know the world by themselves unless connected with
sensors. Sensors play an important role in the construction of a reliable
visual system. One of the commmonly used sensors is a camera. Through a
camera, we can detect the size of an object and what it is about; this ability
is known as computer vision. By using image processing and pattern
recognition, we can understand more about the objects we have
detected. The other technique we normally use is machine learning. It is
based on data-driven methods, and we can wuse different
machine-learning-based algorithms to classify the patterns, which
provide more meaningful and accurate results. For example, RCB
cameras and thermal cameras can be employed for anomaly detection in
systems. RGB cameras and multispectral light sources under different
directions can be used for defect detection or automatic inspection, which
are applicable for inspecting PCBs, wafers, and semiconductor units.

I What are the opportunities as a result of reliable detection?

EOFE— TR RIN—EERERIA?

The availability of high-resolution cameras and advanced learning
algorithms in recent years has provided high-quality videos for
surveillance and achieved more accurate and reliable detection. For
example, when applied to face recognition, advanced algorithms make
age-invariant face recognition feasible, while high-resolution cameras
generate high-quality face images, such that pore patterns in facial skin
can be detected and used for high-accuracy face recognition.

Figure 1 Age-invariant face recognition.
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Figure 2 Example of high-resolution face

recognition through pore-scale feature matching
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I How do you consider the consistency of performance of outdoor object detection through the whole day?

HREFRREENAIMIBENREREESWUER?

Most of the current detection systems perform satisfactorily, in general,
in well-controlled environments. However, in real-world applications,
there are different situations that may affect the reliability and
consistency of a visual-based detection system. Lighting conditions
have a significant effect on the images captured by traditional RGB
sensors, especially in a dark environment or at night.

Below is one of projects we are exploring for object detection, under
different lighting conditions. A deep neural model is used for detection
and classification. Multiple modalities of an input are fused, and features
are extracted for detection and classification. Faster R-CNN, with a
segmentation-based auxiliary task and attention mechanisms, is
employed. RGB images and thermal images are the input to the deep
model, which can achieve reliable and accurate detection performance
under different lighting conditions, even at night, with the use of
cross-modal feature learning.
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INTERVI

Figure 3 Architecture of proposed deep cross modal representation learning-based detection network
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Would you share more about the next steps that can help with the practical application?

AENZEEZMNERERRNEE?

Cross-modal Representation Distillation is also employed for the design I R&SBER T IREEMNZEERTSHNMNER. BRERLR
of a more efficient detector. As capturing multispectral data may be Ao g L B S M ARG s RE, HALkaTLIifE
difficult or costly in some practical applications, knowledge distillation AR, EREAMEARBEAGE/ NEELNBE,
can be used. This is the process of transferring knowledge from a large EEedg—EER R EREEE, INTE4RR, E—@E
model to a smaller one. Usually, a smaller deep neural network is  RGB#ANB4ERRBIETERCBHMEAR G D8NS
trained. i.e. a “student” network, with a single RGB input is trained from Bk, Rt SERBRERS ] ERAELHANNEMENA
a “teacher” network, with both RGB and thermal image inputs. After LR ET R,

knowledge distillation, a simple student network is trained, as illustrated

in Figure 4 below. The target is to use fewer inputs and simpler

networks, which bring benefits in practical applications.
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Figure 4 lllustration of cross-modal representation distillation
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All in all, there are lots of opportunities for computer vision to improve BIEMS, TEMRNE LEFAREE T LIRSHREEI RS S
the reliability and consistency of visual detection and classification R, FFME, ATTRES#EBB2EURRFREEN
systems. Artificial Intelligence, machine learning and further analysison  E—#$9HiSRAMETSEENL2MNEP—ESEEAH.
different algorithms shall be the next steps to both reliability and safety

enhancement in the coming years.



RESEARCH FOCUS

COLOR CONTROL SYSTEM FOR RGB LED
WITH APPLICATION TO LIGHT SOURCES SUFFERING
FROM PROLONGED AGING

S. K. NG, K. H. LOOC, MEMBER, IEEE, Y. M. LAI, SENIOR MEMBER, IEEE, AND CHI K. TSE, FELLOW, IEEE

Abstract—This paper presents a unified approach to controlling the white color point of the red/green/blue (RGB) light-emitting
diode (LED) existing in all aging states. In contrast to conventional color control systems where the average driving currents of the
primary-color LEDs can become saturated when the LEDs have undergone prolonged aging, which causes the resulting white color
point to go out of regulation, the proposed method avoids this problem by adjusting the color set points when a predefined
threshold current is reached by one or more of the primary-color LEDs. It is shown that the method can effectively maintain the
white color point of RGB LED at the desired value when the primary-color LEDs are subjected to an accelerated aging through
repetitive current stress cycles.

HIGH-BRIGHTNESS light-emitting diodes (LEDs) have been increasingly used for applications that require high luminosity and
color accuracy, such as in the backlight system for liquid crystal display (LCD) monitors and LED projectors. These applications
typically employ phosphor-coated white LEDs as the light source, and the drawback of using them is that the color temperature of
the white light is predetermined by the chemical composition of the phosphor used and not directly controllable by external means.
In addition, the color temperature of phosphor-coated white LEDs can vary significantly during their service lifetime mainly due to
the aging of phosphor. This will lead to a degradation of color quality as a function of the service lifetime of the LED light source in
these applications. To cope with these limitations of phosphor-coated white LEDs, for color-sensitive applications, an alternative
method to produce white light that offers a better color control flexibility is obtained by mixing the light output of red, green, and
blue (RGB) LED. Since these primary-color LEDs are individually controllable through their driver circuits, the color temperature of
the white light produced by this method is also tunable to give different viewing moods or sensations to the users and to
compensate for the aging effects of LED by means of feedback control. In general, two different approaches have been discussed in
the literature for controlling the color point of RGB LED.

In the first approach, non-optical sensors such as thermal and electrical sensors are used in the feedback control. The forward
voltages of the primary-color LEDs are measured in real time and correlated to their junction temperatures and luminous outputs
according to a set of pre-calibrated curves. In this paper, the aging effect of the LEDs was not considered. A second feedback scheme
based on the concept of photo power stabilization was proposed, where the electrical power consumption of the primary-color LEDs
is adjusted according to a lookup table for compensating the effect of temperature variation on the luminous outputs of the
primary-color LEDs. These methods, which are based on the measurement of electrical parameters and lookup tables, may lose their
accuracy when the LEDs are aged and their electrical parameters have changed considerably from the initial values used in
calibration, and this renders periodic calibrations necessary for maintaining color accuracy.

Fig. 1shows the variations of the forward Fig. 2 shows the control block diagram of a

voltages of RGB as a function of the aging time conventional color control system for RGB LED based
in an accelerated lifetime test. on optical sensing.
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RESEARCH F

In the second approach, optical sensors are used to detect the luminous output of the primary-color LEDs
and regulate it against some predefined references through PID controllers. When their luminous output
deviates from the reference values, the changes are detected by optical sensors, and the controllers will
restore their luminous output to the desired values in real time.

The proposed color feedback control

Laaiwraa

0 pkata 19

Ll
‘_::;_

b Wl i ™, Vg 0 T £l

- - "
e T Vs | e — -
a Wi " L i
e " whesg an LT 1

Experimental verification (LedEngin)

Conventional method:
Duty cycle for green LED saturated after 245 mins of ageing. No regulation of color point is possible after
that. Hence, 245 mins can be regarded as the end-of-life of the RGB LED lighting system.

Significant color variation was resulted after 245 mins of ageing.

Proposed method:
No significant color variation

Luminous flux decayed to 70% (typical threshold used to indicate the end-of-life of LED) at 550 mins while
the color point remains well regulated.
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CARS HIGHLIGHTS
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WEBINAR ON "SYSTEM RELIABILITY AND MAINTENANCE -
KEY SUCCESS FACTORS FOR YOUR BUSINESS”
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B S EESARIEN R ELRERERAREE, FKE
EFCALCERDHPIMIEER, F5RE: Dr. Michael H. Azarian,
Chair of the SAE G-19A Test Laboratory Standards
Development Committee, Co-chairman of the Miscellaneous
Techniques sub-group of the G-19A committee, Dr. Diganta
Das, Vice chair of the standards group of IEEE Reliability
Society, Sub group leader for the SAE G-19 counterfeit
detection standards group, TESEMASIEZBEARGRENTT
MERHAFEEESESSEMR. 5 E, BMIYSIEEBHER
ARWEBRENESTIE BREIRMLSEETARBIHTIZS
REBE— FEEEL, MUIERSFIAERS ZERMERAATSER
HRABERERRS; U ARNER ASREHIRA S HEENTE
ERkZ2l, RER ESTREBRRZLWEDPL" (CAIRS)EER
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Guest speakers pose a group photo
at the webinar.
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Dr. Sigi Bu, Associate Professor of
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Live broadcasting with overseas experts
at the webinar

(CAIRS)MERMITES - SMABR

b BB R (FARS
the Hong Kong Polytechnic University -4 Prof. Winco Yung, Executive Director and Centre Director
of CAIRS delivered closing remarks for the webinar.

Organized by "Centre for Advances in Reliability and Safety"
(CAIRS), supported by the Hong Kong Electronic Industries
Association (HKEIA), Hong Kong Electronics Industry Council
(HKEIC) and the Hong Kong Science & Technology Parks
(HKSTP), Webinar on "System Reliability and Maintenance -
Key Success Factors for your Business” was successfully
completed on 15 Jan 2021.

In the Webinar, we have invited overseas and local professional
experts, and renowned industrialist included Dr. Michael H.
Azarian of CALCE, Chair of the SAE G-19A Test Laboratory
Standards Development Cormmittee, Co-chairman of the
Miscellaneous Techniques sub-group of the G-19A committee,
Dr. Diganta Das of CALCE, Vice chair of the standards group of
IEEE Reliability Society, Sub group leader for the SAE G-19
counterfeit detection standards group, Ir Wilson Kwok, Head of
Technical Services, Transmission & Distribution Division of the
Hong Kong Electric Co,, Ltd., and Dr. Siqi Bu, Associate Professor
of the Hong Kong Polytechnic University. They shared their
research, application and industrial experiences on system
reliability and maintenance. Prof. Winco Yung, Executive
Director and Centre Director of CAIRS delivered closing remarks
for the webinar.

For more information and details of the webinar or upcoming
activities, please visit our CAIRS website www.cairs.nk or follow
our facebook #CAIRS.
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Ir Wilson Kwok, Head of Technical Services,

Transmission & Distribution Division of
the Hong Kong Electric Co,, Ltd.
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Dr. Dennis Tsang,
Programme Manager of CAIRS,
MC and moderator of the webinar




UPCOMING

WEBINAR

RELIABILITY ENHANCEMENT OF
ELECTRONIC PARTS, PRODUCTS AND SYSTEMS

This webinar is organized by "Centre for Advances in Reliability and Safety" (CAIRS). In the Webinar, local and
overseas professional experts and renowned industrialist will share their industrial and research experiences on
reliability of electronic parts, products and system.

Date 25 March 2021 (Thursday)

Time: 10:00 AM =12:40 PM

Format: Webinar

Language: English =
Register here: E

25 Mar 21 24 Mar 21 i Topics

HK Time US Time | & Guest Speakers

10:00 -10:05 | 21:00 - 21:05 | Welcome Remarks

10:05-10:35 | 21:05-21:35 | Section 1: Unsupervised Machine Learning Techniques in Prognostics of Power Electronics
| Dr. Diganta Das, CALCE,
| Vice Chair of the standards group of IEEE Reliability Society,
Sub group leader for the SAE G-19 counterfeit detection standards group

10:35 - 11:.05 21:35-22:05 | Section 2: Reliability Prediction of Electrical Hardware
i Dr. Michael Osterman, CALCE,
Senior member of IEEE,
Member of ASME, IMAPS and SMTA

M:05-11:20 22:05- 2220 Part1Q&A

M20-1:50 | 22:20 - 2250 Section 3: Reliability, Intelligent Performance Monitoring and Lifetime Prediction of Thermal
Imaging Sensors
Dr. Stanislav Markov,
Data Scientist,
Meridian Innovation Limited

11:50 -12:20 | 22:50- 2320 | Section 4: Enabling High Reliability Power Module
| Mr. Peter Ng,
Vice President, Enabling Technology Group,
ASM Pacific Technology Ltd.

1220 -12:35 ¢ 2320-2335 Part2Q&A

12:35 - 12:40 23:35-23:40 Closing Remarks
i Prof. Winco Yung, Executive Director & Centre Director of CAIRS

TECHNICAL SEMINAR

CAIRS will organize a Technical Seminar on 20 April 2021, for updated information of both Webinar and
Technical Seminar, please visit CAIRS website: www.cairs.hk.



CARS HIGHLIGHTS

BEMESEZECA20MARREMBE, EPEREENSLERE (UTHEERRFIHE).
We are honored that there are 20 collaborating companies working close with CAIRS, 12 of
which are engaged in advanced manufacturing industries. (listed below in alphabetical order)
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*Names are listed in alphabetical order.
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CAIRS will install the following equipment in our lab:
Equipment Temperature and Humidity Chamber Benchtop Vibration Tester Interrogator

Description Durability testing of a package Reliability testing of compact products and Optical sensing equipment for
undergoing extreme temperature electronics. The Multiple Degree of FBG sensor
variations over a given period of time. Freedom (MDoF) testing to enhance
product reliability with the added benefit of
possible test time compression.

Industrial 1. Electronic Products 1. Machinery 1. Machinery
Applications 2.Semiconductor 2. Automotive / Electric Vehicle 2. Electrical Equipment
3. Automotive / Electric Vehicle 3. Electronic Products
4. Machinery

5. Electrical Equipment
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cairs.hk Unit 1212-1213, 12/F, Building 19W, Hong Kong Science Park, ‘)

Pak Shek Kok, NT, Hong Kong
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