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Research on Biomimetic Sensing and Intelligent Perception

Biomimetic sensor and intellisense technology is sensing technology and life science and artificial intelligence technology,
the combination of imitating biological sensory function realization of access to information technology, contains the sen-
sitive mechanism of bionic technology and sensing and information processing and intelligent recognition technology, the
sensitive mechanism of the simulated biological sensory and intelligent recognition is the core of the development of bionic

sensor and intellisense.

Bionics of biological sense mechanism is to manufacture bionic sensors by using biological sensitive materials and bionic
sensitive materials. Intelligent perception technology is an artificial intelligent identification and analysis system designed
to simulate the perception and recognition function and principle of living organisms. The bionic sensing and intelligent
perception technology includes simulating the five sensory functions of living organisms, namely the visual, auditory, tactile,
and olfactory and taste functions of living organisms, and developing artificial visual, auditory, tactile, and olfactory and taste
systems or devices. The biomimetic sensing technology and intelligent recognition algorithm which simulate the molecular,
cellular and tissue functions of the five senses of living organisms are studied. This paper briefly introduces the development
of intelligent sensing technology of bionic sensing and some of our research progress.
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Soft Robotics with Intelligent Proprioception

Soft robotics is a trendy emerging area in robotics research, being highly interdisciplinary across material science, mecha-
nism design, actuation and control, to system integration and application. Starting from the inherent compliance and adapt-
ability of soft robots, we have investigated the design and application of soft robots in medical and wearable applications
differing from conventional industrial scenarios, designed a series of soft robotic devices and systems, demonstrating the
excellent adaptation and potential growth of soft systems in such areas. Recently built upon our proprietary soft robotic sys-
tems, we explored the new possibility of exploiting proprioception as a means to obtain multimodal sensational feedback
without requiring dedicated sensors. This provides new insights to the environmental exploration and human robot interac-
tion for soft robots.
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Patient-derived Tumor-like Cell Clusters Model for Precision Oncology

Tumor heterogeneity is one of the important features of malignant tumors, and it is the main cause of patients’ sensitivity
difference and resistance to treatment. The establishment of an in vitro human tumor model to recapitulate the patholog-
ical, molecular and clinical drug-response characteristics of a patient will not only contribute to the characterization of the
molecular mechanism underlying tumor heterogeneity, but also have far-reaching consequence for the development of
new drugs. At present, the commonly-used tumor models include patient-derived xenografts and organoids. However, these
models have many disadvantages, such as high cost, time-consuming, and unappropriated for the study of the interaction
between tumor cells and microenvironments. Our team recently developed a novel 3D in vitro tumor model, called pa-
tient-derived tumor-like cell clusters (PTCs). PTCs result from the self-assembly and proliferation of primary epithelial, fibro-
blast and immune cells, which accurately predict the drug efficacy of gastrointestinal cancer patients (over 90%). PTC would
provide a new idea for fighting against the therapeutic resistance as well as a solid theoretical and application support for
precision medicine.
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Micro/nano-Devices for Biomedical Applications

Micro/nano system technology have greatly facilitate the development of bioinformatics research. In the field of bioelectron-
ics and bioinformatics, researches have been greatly attracted by biological system modeling and disease predictions based
on the understanding of intracellular protein dynamic expression. We have been focusing on the fundamental research on
micro/nano-system for biomedical applications, trying to address the key issues on three levels, from the outside to the in-
side, in vitro — transdermal - and in vivo, aiming to overcome the key challenge of how to develop bio-safe technology to
detect and regulate biological disease: 1) On the in vitro cellular level, we made breakthrough process on the development
of nano-devices that could safely penetrate
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cell membrane, achieving regulation and sensing of the intracellular contents dynamically. 2) On the transdermal level, we
systematically developed transdermal theranostic system, achieving precise and in situ detection and therapy of diseases. 3)
On the in vivo level, we creatively develop bio-safe implantable theranostic system, achieving safe regulation and sensing of
diseases in vivo. Our work holds great promise on facilitating the development of new tools for biomedical sensing detection
and biomedical therapy, which would be critically important for the field of bioelectronics.

KIESISOEBXEIRERN “BR 5591
Effective signal analysis for long-term ambulatory ECG big data
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Integrated and continuous monitoring of physiological signals in both hospital and out-of-hospital, plays a very important
role to realize the early screening of cardiovascular and cerebrovascular diseases and the effective management of chron-
ic diseases. Recent advances in wearables electrocardiogram (ECG) devices has led to an explosion of routinely collected
individual ECG data. The use of feature engineering and computational intelligence methods to turn these ever-growing
ECG monitoring data into clinical benefits seems as if it should be an obvious path to take. However, this field is still in its
infancy, and is full on unknown and challenges. ECG big data must be effectively combined with signal processing and ma-
chine learning methods to produce value. This talk analyzes the ideas for effective signal analysis of long-term ambulatory
ECG data, including real-time calculation of credible features under strong noise background, how to mine hidden dynamic
information in long-term ECG data, and the issues of generalization and interpretability in the models employing artificial in-
telligence technology. This talk can be regarded as a useful summary of ECG big data processing, which reveals the problems
existing in the current research and the potential solutions.



