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首届人工智能听力跨界研讨会专刊首届人工智能听力跨界研讨会介绍

 .
 . . .

 . . . . . . .首届人工智能听力跨界研讨会 .( 中国 .杭州）
   First Artificial Intelligent Auditory Crossover Forum (Hangzhou, China)

1st AIACF

         于 2019 年 4 月 12 日，由美国加州大学洛杉矶分校、华南理工大学及诺尔康听力言语

医学研究院联合主办的首届人工智能听力跨界研讨会在诺尔康神经电子研发生产基地顺

利举办。本次跨界研讨会旨在跨学科探讨如何突破现有技术桎梏，解决目前人工耳蜗

（Cochlear Implant, CI）、听性脑干植入（Auditory Brainstem Implant, ABI）等人工听觉装

置仍未攻克的难题，为听障人士提供人工智能听力，还原最真实的有声世界。

      作为中国自主研发人工听觉植入装置的代表，诺尔康人工耳蜗自 2009 年开始应用于

临床，现已有超过 10,000 名植入者；2016 年，中国大陆首例听性脑干植入（诺尔康）开

机成功，解决了如听神经瘤、耳蜗严重畸形等人工耳蜗无法克服的听觉障碍，填补了国

内的技术空白，标志着中国人自主研发的人工听觉植入产品和技术已经跻身世界前列。

       然而，与人耳自然听声相比，目前的人工听觉技术仍然存在诸多局限，比如人工耳

蜗植入者在音乐欣赏、噪声下的聆听仍存在困难，听性脑干植入患者目前普遍只能达到

听声辨别，而言语识别仍存在困难，需要借助唇读等等。近几十年来，人工听觉植入装

置虽然不断推陈出新，但其材料、核心技术等一直未有突破性的进展，如何使得人工听

觉更智能、更真实？确实，技术革新迫在眉睫。

         本次研讨会就这些议题展开了热烈的讨论，研讨会邀请到了医学、听力学、言语康复、

心理声学、语音学、信号处理、工艺设计等多学科领域的专家教授共同参与，摩擦碰撞

出了人工智能的科技火花，也相信未来通过我们共同的努力能够使得中国人工听觉科技

打破国外垄断，突破现有瓶颈，让更多的人聆听智能中国声！



2 诺尔康文摘  |  NUROTRON DIGEST

首届人工智能听力跨界研讨会专刊 首届人工智能听力跨界研讨会议程

首届人工智能听力跨界研讨会（中国 .杭州）
   First Artificial Intelligent Auditory Crossover Forum (Hangzhou, China)

1st AIACF

2019 年 4 月 12 日（周五）

时间 议程 主讲人 主持人

09:00—12:00 人工智能听力高峰论坛 全体跨界专家 屠文河

12:00—13:00           午餐

13:00—14:00 诺尔康研发生产基地参观 银力 屠文河

14:00—17:30 圆桌讨论会 全体跨界专家 银力

会议主办单位及特邀嘉宾：

●  美国加州大学洛杉矶分校（University of California at Los Angeles）；

      特邀嘉宾：傅前杰（教授）

●  诺尔康听力言语研究院（Nurotron Hearing, Speech and Medical Science Institute）；

      特邀嘉宾：银力（院长）

●  华南理工大学（South China University of Technology）；

      特邀嘉宾：孟庆林（博士、讲师）

会议地点：浙江诺尔康神经电子科技股份有限公司（杭州市余杭区龙潭路 17 号）
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Development and Clinical Introduction of the Nurotron Cochlear Im-
plant Electrode Array 

Stephen Rebscher, David Daomin Zhou, Fan-Gang Zeng

1.Department of Otolaryngology, University of California San Francisco, San Francisco, USA (SR).
2.Nurotron Biotechnology Inc., Irvine, USA (DDZ).
3.Department of Otolaryngology, University of California Irvine, Irvine, USA (FGZ).

Abstract

As the only medical device used in the treatment for deafness, the cochlear implant has benefited to more than half a 

million individuals worldwide. However, the device has limited penetration due to its high cost, especially in low- and 

middle-income countries. China alone has 27.8 million deaf  people, but less than 100,000 of them have received a 

cochlear implant. The Nurotron Venus device was developed to address the need for an affordable yet safe and effec-

tivecochlear implant. The present study describes the design, development, and evaluation of the Nurotron intracochlear  

electrode array. The standard array is 22 mm in length from the round window marker to the apical tip of the carrier and 

has 24 electrodes, with a surface area of 0.32 mm2 and center-to-center spacing of 0.85 mm. The Nurotron arrayhas been 

tested to meet the mechanical, chemical, and electrical requirements specified by the ISO Standard 14708-07. Human 

temporal bone and clinical trial results showed that the Nurotron array is easy to insert (7.8/10 rating with 10 indicating 

the highest ease of use) and has a low complication rate (12.5%) of severe insertion trauma while achieving high device 

stability and reliability (6 array failures in 43,000 patient years of experience). As a critical component, the Nurotron 

array has contributed to the high level of Nurotron implant speech performance, equivalent to that produced by other ex-

isting devices. The Nurotron device has benefited 10,000 deaf people and helped reduce the unit cost from US$25,000 in 

2011 to US$4,620 in 2017 through the Chinese Government Tender Program. New, slim, and micromachined electrodes 

are being developed to further improve performance and accessibility.

 

Key Words: Auditory prosthesis, cochlear implants, deafness, electric stimulation, electrodes

Article source: 
Rebscher S, Zhou DD, Zeng FG. Development and Clinical Introduction of the Nurotron Cochlear Implant Electrode Array. J Int  Adv Otol 

2018; 14(3): 392-400.
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Implementation and preliminary evaluation of ‘C-tone’: A novel algo-
rithm to improve lexical tone recognition in Mandarin-speaking cochle-
ar implant users 

Lichuan Ping1, Ningyuan Wang2, Guofang Tang2, Thomas Lu1, Li Yin2,Wenhe Tu2, Qian-Jie Fu3

1.Nurotron Biotechnology, Inc., Irvine, CA, USA.
2.Zhejiang Nurotron Biotechnology Co., Ltd, Zhejiang, PR China.
3.Department of Head and Neck Surgery, David Geffen School of Medicine, UCLA, Los Angeles, 2100 West Third Street, Suite 100, Los Angeles, 
CA 90057, USA.

Abstract

Objectives:Because of limited spectral resolution, Mandarin-speaking cochlear implant (CI) users have difficulty 

perceiving fundamental frequency (F0) cues that are important to lexical tone recognition. To improve Mandarin tone 

recognition in CI users, we implemented and evaluated a novel real-time algorithm (C-tone) to enhance the amplitude 

contour, which is strongly correlated with the F0 contour.

Methods: The C-tone algorithm was implemented in clinical processors and evaluated in eight users of the Nurotron 

NSP-60 CI system. Subjects were given 2 weeks of experience with C-tone. Recognition of Chinese tones, monosylla-

bles, and disyllables in quiet was measured with and without the C-tone algorithm. Subjective quality ratings were also 

obtained for C-tone.

Results: After 2 weeks of experience with C-tone, there were small but significant improvements in recognition of 

lexical tones, monosyllables, and disyllables (P < 0.05 in all cases). Among lexical tones, the largest improvements were 

observed for Tone 3 (falling–rising) and the smallest for Tone 4 (falling). Improvements with C-tone were greater for 

disyllables than for monosyllables. Subjective quality ratings showed no strong preference for or against C-tone, except 

for perception of own voice, where C-tone was preferred.

Discussion: The real-time C-tone algorithm provided small but significant improvements for speech performance in qui-

et with no change in sound quality. Pre-processing algorithms to reduce noise and better real-time F0 extraction would 

improve the benefits of C-tone in complex listening environments.

Conclusions: Chinese CI users’ speech recognition in quiet can be significantly improved by modifying the

amplitude contour to better resemble the F0 contour.

Key Words: Cochlear implant, Lexical tone, Mandarin speech, C-tone, Nurotron

Article source: 
Lichuan Ping,Ningyuan Wang,Guofang Tang,Thomas Lu,Li Yin,Wenhe Tu&Qian-Jie Fu(2017)Implementation and preliminary evaluation of 
‘C-tone’: A novel algorithm to improve lexical tone recognition in Mandarin-speaking cochlear implant users ,Cochlear Implants Intemation-

al,18:5,240-249.
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陕西省45名大龄听障儿童植入诺尔康人工耳蜗后1年康复效果分析

王晓平    蔡砾洋    宋蕾    任利敏

【摘要】

随着人工耳蜗技术的发展与成熟,人工耳蜗成为重度/极重度感音神经性耳聋患者重建听觉系统的唯一途径.近

年来,国家政策对残疾人的帮扶力度越来越大,人工耳蜗的植入年龄逐步拓宽,大龄听障儿童在错过最佳植入年龄

的情况下也能顺利植入人工耳蜗.本文通过对陕西省45名植入诺尔康人工耳蜗的大龄听障儿童康复1年后听觉语

言能力、听觉行为分级标准(categories of auditory performance,CAP)和言语可懂度分级标准(speech intelligibility 

rating,SIR)的评估结果进行分析对比,为其康复训练提供参考.

【关键词】双侧植入；双模调试；儿童；语言；掩蔽空间释放.
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Objective and subjective evaluations of the Nurotron Venus cochlear 
implant system via animal experiments and clinical trials

Na Gao1,2,3*, Xin-Da Xu1,2,3*, Fang-Lu Chi1,2,3, Fan-Gang Zeng4, Qian-Jie Fu5, Xian-Hao Jia1,2,3, Yan-Bo Yin1,2,3,Li-Chuan Ping6, Hou-Yong Kang7, 

Hai-Hong Feng8, Yong-Zhen Wu1,2,3 & Ye Jiang1,2,3
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2.Shanghai Auditory Medical Center, Shanghai, PR China.
3.Key Laboratory of Hearing Science, Ministry of Health, Shanghai, PR China.
4.Departments of Anatomy and Neurobiology, Biomedical Engineering, Cognitive Sciences and Otolaryngology – Head and Neck Surgery,Uni-
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5.Department of Biomedical Engineering, University of Southern California, Los Angeles, CA, USA.
6.Nurotron Biotechnology Inc., Hangzhou, Zhejiang, PR China. 
7.Department of Otolaryngology – Head and Neck Surgery, The First Affiliated Hospital of Chongqing Medical University, Chongqing, PR 
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8.Shanghai Acoustics Laboratory, Chinese Academy of Sciences, Shanghai, PR China.

Abstract

Conclusion: This study described objective and subjective evaluations of the Nurotron VenusTM Cochlear Implant Sys-

tem and indicated that this system produced a satisfactory performance.

Objective: To observe the performance of the Nurotron VenusTM cochlear implant (CI) system via electrophysiological 

and psychophysical evaluations.

Methods: A 26-electrode CI system was specially designed. The performance of MRI in animal and cadaveric head 

experiments, EABR in cats experiment, the correlation between ESRT and C level, and psychophysics evaluations in 

clinical trials were observed.

Results: In the animal and cadaveric head experiments, magnet dislocation could not be prevented in the 1.5 T MRI 

without removal of the internal magnet. The EABR was clearly elicited in cat experiment. In the clinical trial, the 

ESRT was strongly correlated with C level (p50.001). The human clinical trial involving 57 post-lingually deafened 

native Mandarin-speaking patients was performed. Residual hearing protection in the implanted ear at each audiometric 

frequency was observed in 27.5–46.3% patients post-operatively. A pitch ranking test revealed that place pitches were 

generally ordered from apical to basal electrodes. The recognitions of the perceptions of 301 disyllabic words, environ-

ment sounds, disyllabic words, and numerals were significantly better than the pre-operative performance and reached 

plateaus.

Key Words: Bilateral Cochlear implant, electrically evoked auditory brainstem responses (EABR),electrically evoked-

stapedius reflex threshold(ESRT), MRI, Nurotron, pitch ranking, speech perception

Article source: 
Gao N, Xu X D, Chi F L, et al. Objective and subjective evaluations of the Nurotron Venus cochlear implant system via animal experiments 

and clinical trials.[J]. Acta otolaryngologica, 2015, 136(1):1-10.



38 诺尔康文摘  |  NUROTRON DIGEST

首届人工智能听力跨界研讨会专刊 诺尔康人工耳蜗文献展示

儿童诺尔康人工耳蜗植入者术后长期康复效果分析

于丽玫    李佳楠    王丽燕    王倩    苗艳    张阳    申敏    薛静    魏佩芳    韩睿    杨仕明

1 中国聋儿康复研究中心；

2 解放军总医院耳鼻喉科头颈外科听觉植入中心，解放军耳鼻咽喉研究所.

【摘要】

目的：观察儿童诺尔康人工耳蜗植入患者术后3年的康复效果，评价该国产人工耳蜗的安全性和有效性。

方法：201 1年4月至6月植入诺尔康晨星人工耳蜗系统的双侧重度或极重度感音神经性聋患儿60例，植入年龄12

～71个月，平均(39。6±18．9)个月。所有植入患儿术后3～4周开机，并在开机后3个月、1年、2年和3年定期随

访，对人工耳蜗装置的使用情况和工作状态进行跟踪，同时对其听觉康复效果进行评估，并应用SAS 9．13统计

软件进行数据分析。

结果：60例患儿均手术成功，开机后能坚持每日佩戴使用人工耳蜗，随访期间无与人工耳蜗植入相关的并发

症发生，人工耳蜗装置整体工作状态良好。患儿声场言语频率的助听听阈测试，韵母、声母、单音节词和

双音节词测试，Ling氏六音测试，婴幼儿有意义听觉整合量表(Infant—Toddler Meaningful Auditory Integration 

Scale，IT．MAIS)得分均较术前明显提高，并随着人工耳蜗使用时间延长而逐渐改善。植人儿童的语法能力、

理解能力、交往能力和表达能力测试结果也随着耳蜗使用时间的延长有明显提高。

结论 .：随着人工耳蜗使用时间的延长，儿童植入者的听觉和语言评估测试结果显著提高，诺尔康晨星人工耳蜗

系统具有良好的安全性和有效性。

【关键词】耳蜗植入术；测听法；治疗结果；儿童
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Development and evaluation of the Nurotron 26-electrode cochlear im-
plant system

Fan-Gang Zeng a,  Stephen J. Rebscher b, Qian-Jie Fu c,Hongbin Chen d,Xiaoan Sun d, Li Yin d,Lichuan Ping d ,Lichuan Ping d,Haihong Feng 

e,Shiming Yang f,Shusheng Gong g,Beibei Yang h,Hou-Yong Kang i,Na Gao j,Fanglu Chi j

a Center for Hearing Research, University of California, Irvine, CA 92697, USA
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d Nurotron Biotechnology Inc., Hangzhou, Zhejiang 310011, China
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g Department of Otolaryngology e Head and Neck Surgery, Tongren Hospital of Capital Medical University, Beijing 100730, China
h Department of Otolaryngology e Head and Neck Surgery, The Second Affiliated Hospital of Zhejiang University, Hangzhou 310000, China
i Department of Otolaryngology e Head and Neck Surgery, The First Affiliated Hospital of Chongqing Medical University, Chongqing 400016, 
China
j Department of Otolaryngology e Head and Neck Surgery, The Eye and ENT Hospital of Fudan University, Shanghai 200031, China

Abstract

Although the cochlear implant has been widely acknowledged as the most successful neural prosthesis,only a fraction 

of hearing-impaired people who can potentially benefit from a cochlear implant have actually received one due to its 

limited awareness, accessibility, and affordability. To help overcome these limitations, a 26-electrode cochlear implant 

hasbeen developed to receive China’s Food and Drug Administration (CFDA) approval in 2011 and Conformite Europ-

eenne (CE) Marking in 2012. The present article describes design philosophy, system specification, and technical veri-

fication of the Nurotron device, which includes advanced digital signal processing and 4 current sources with multiple 

amplitude resolutions that not only are compatible with perceptual capability but also allow interleaved or simultaneous 

stimulation. The article also presents 3-year longitudinal evaluation data from 60 human subjects who have received the 

Nurotron device. The objective measures show that electrode impedance decreased within the first month of device use, 

but was stable until a slight increase at the end of two years. The subjective loudness measures show that electric stimu-

lation threshold was stable while the maximal comfort level increased over the 3 years. Mandarin sentence recognition 

increased from the pre-surgical 0%-correct score to a plateau of about 80% correct with 6-month use of the device. Both

indirect and direct comparisons indicate indistinguishable performance differences between the Nurotron system and 

other commercially available devices. The present 26-electrode cochlear implant has already helped to lower the price of 

cochlear implantation in China and will likely contribute to increased cochlear implant access and success in the rest of 

the world.

Article source: 
Zeng, F.-G., et al., Development and evaluation of the Nurotron 26-electrode cochlear implant system, Hearing Research (2014), http://dx.doi.

org/10.1016/j.heares.2014.09.013
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参考译文：
诺尔康26电极人工耳蜗植入系统的开发及评估
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【摘要】

本文阐述了诺尔康26电极人工耳蜗的设计理念、系统特点及技术验证。该人工耳蜗具有先进的数字信号处理技

术和多精度的4个电流源，不仅与感知能力匹配，而且可进行间隔或同时刺激。此外，本文描述了60例诺尔康人

工耳蜗植入者3年的评估数据。客观测试显示，电极阻抗值在使用设备1个月后降低，此后持续保持稳定，直到

2年时略有上升。主观响度测试显示，电刺激阈值相对稳定，最大舒适阈在3年中逐渐提高。汉语句子识别率从

术前的0%增长至开机6个月时约80%的水平。间接和直接对比研究均显示诺尔康人工耳蜗与其他同类人工耳蜗

产品使用效果相当。

【关键词】人工耳蜗；诺尔康；开发；评估
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Analysis of the performance of post-lingually deafened patients with 
Nurotron®VenusTM cochlear implants

JIANAN LI*, FEI JI*, WEI CHEN*, HUI ZHAO, DONGYI HAN & SHIMING YANG

Department of Otolaryngology-Head and Neck Surgery, and Institute of Otolaryngology, Auditory Implantation Center,Chinese People’s Liber-
ation Army General Hospital, Beijing, China

Abstract

Objective: The aim of this study was to analyze the safety and effectiveness of a new cochlear implant (CI) system 

developed in China, the Nurotron Venus device.

Material and methods:Fifteen post-lingually deafened patients received Nurotron Venus CIs in our hospital. The safety 

and effectiveness of the devices were evaluated within 2 years after implantation. Patients’hearing thresholds were 

assessed. In addition, the speech perception performance of Nurotron Venus CI recipients was compared with that of 15 

Cochlear Nucleus CI24 recipients.

Results and conclusion: During 2 years of observation, all the Nurotron recipients used their devices regularly and 

effectively. The aided hearing thresholds of all the recipients were within the speech spectrum. The average scores of 

HOPE sentences and HOPE monosyllable words tests among Nurotron CI recipients were 82.88 ± 21.40% and 56.67 

± 9.77%, respectively. The average scores among Cochlear Nucleus CI24 recipients were 87.33 ± 14.44% and 52.8 ± 

12.76%, respectively. There was no statistically significant difference in the speech test scores between these two groups 

when assessed using the t test. The Nurotron Venus cochlear implant system worked safely and effectively. The speech 

perception of Nurotron recipients was similar to that of the other CI system recipients.

Key Words: Safety, effectiveness, auditory performance, speech perception

Article source: 
LJIANAN LI*, FEI JI*, WEI CHEN, et al. Analysis of the performance of post-lingually deafened patients with Nurotron®VenusTM cochlear 
implants. Acta Oto-Laryngologica. 2014; 134: 609–614.
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参考译文：
语后聋患者诺尔康-晨星人工耳蜗植入术后康复效果分析
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【摘要】

目的：分析中国自主品牌诺尔康-晨星人工耳蜗系统产品的安全性和有效性。

方法：2010 年 3 月至 2010 年 4 月在我科植入诺尔康-晨星人工耳蜗系统的语后聋受试者 15 例，对受试者开机 2 

年后产品的使用情况和工作状态进行随访以验证产品的安全性和有效性；将受试者术前和术后 2 年的声场测听

听阈进行自身对照，并将本组受试者与 15 例植入澳大利亚 Nucleus CI24 型人工耳蜗的语后聋患者的听觉言语康

复情况进行比较。

结果：在术后 2 年的随访中，诺尔康植入者均正常并有效佩戴人工耳蜗，所有植入者的助听听阈均满足正

常言语交流。诺尔康-晨星人工耳蜗植入组 HOPE 短句识别率得分平均为 82.88%±21.40%，HOPE 单音节词

识别率得分平均为 56.67%±9.77%；澳大利亚 Nucleus CI24 植入组的短句和单音节词识别率平均得分分别为 

87.33%±14.44%和 52.8%±12.76%。

结论：中国自主品牌诺尔康-晨星人工耳蜗系统在观察期内工作正常，安全有效。言语识别率与其它人工耳蜗无

明显差异。

【关键词】安全性，有效性，听觉能力表现，言语感知
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先天性聋人工耳蜗植入儿童皮层听觉诱发电位的研究

卢伟    陈丽丽    鲁倩    孙淑萍    雷一波    陈雪清    米思    莫玲燕
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2 首都医科大学附属北京同仁医院 北京市耳鼻咽喉科研究所 耳鼻咽喉头颈科学教育部重点实验室(首都医科大学)；

3 北京市通州区人工耳蜗康复中心

【摘要】

目的：对先天性聋人工耳蜗植入儿童皮层听觉诱发电位(cortical auditory evoked potential，CAEP)的研究，探讨

中枢听觉发育与人工耳蜗植入年龄之间的关系。

方法：5岁前植人人工耳蜗的先天性聋患儿110例，测试时年龄12—80个月，其人工耳蜗使用时间从刚开机到48

个月。声场下以65 dBSPL的／m／、／t／、／g／为测试声，进行CAEP测试，记录其P1、N1及P2波。分析各波

的引m率、人工耳蜗植入年龄以及使用时间与P1波潜伏期的关系。

结果：P1波的总体引出率为66．4％， Nl波为15．5％，P2波为12．7％；P1波的引出率明显高于N1波(x2=228

．542，P=0．00)和P2波(x2=257．438，P=0．00)，差异具有统计学意义。／m／、／t／、／g／等三种刺激声的

P1波引出率分别为64．1％、66．9％和68．3％，差异无统计学意义(x2=0．589，P=0．75)；三种刺激声之间P1

的潜伏期(P=o．22)和幅度(P=0．09)，差异均无统计学意义。植入年龄≤42月龄组P1潜伏期进人与年龄相当的

正常值范围的百分比(95．3％)明显高于>42月龄组(66．7％)，差异具有统计学意义(P= 0．02)。在42月龄前植人

人工耳蜗的儿童中，耳蜗使用时间分别为1年、2年、3年和4年的各组之间，在进入年龄相当的正常P1潜伏期范

围的百分比上，差异无统计学意义(P=1．00)。

结论：先天性聋患儿42月龄前植入人工耳蜗，其听觉中枢更有可能实现正常发育，而且一经植入使用，即可迅

速发育达到正常听力的水平。

【关键词】听觉丧失；诱发电位，听觉；耳蜗植入术；儿童
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首届人工智能听力跨界研讨会专刊首届人工智能听力跨界研讨会参会专家名单

姓名 单位
米思 北京通州语训学校
陈忠敏 复旦大学
孙建军 海军总医院
刘娅 海军总医院
张畅芯 华东师范大学
赵航 华东师范大学
孟庆林 华南理工大学
张艳平 华中科技大学
龙长才 华中科技大学
傅前杰 美国加州大学洛杉矶分校
罗川 清华大学
田岚 山东大学
范新泰 山东大学第二医院
侯丽敏 上海大学
郭毅 上海伽煜医疗设备有限公司
郑能恒 深圳大学
于珏 同济大学
卢宇涵 浙江大学
银力 浙江诺尔康神经电子科技股份有限公司
周道民 浙江诺尔康神经电子科技股份有限公司
黄穗 浙江诺尔康神经电子科技股份有限公司
寿学平 浙江省科技厅
王一鸣 浙江中医药大学
苏俊 浙江中医药大学
张洁静 浙江中医药大学
朱舒明 浙江中医药大学
冯海泓 中国科学院声学研究所
李军锋 中国科学院声学研究所

                                                                                       
                                                                                  * 以上名单以单位首字母排序
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