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中  文  摘  要

	目前，商检系统广泛采用人工识别的方法来确定苎麻和棉纤维混纺品的成份百分比，这种检测方法主要依赖于检测人员的主观判断，此外检测人员的经验，技术等因素会影响结果的客观性和准确性。不仅如此，人工检测方法是费时，费力和低效的。因此，商检系统需要一种高速、客观、准确的苎麻和棉纤维识别方法。这也正是本课题研究的主要目的：实现苎麻和棉纤维种类识别和成份分析的全自动系统。

本文介绍了基于计算机图像处理和模式识别技术，利用纤维纵向图像分析，实现苎麻和棉纤维种类识别和成份分析的全自动系统，旨在取代人工识别苎麻和棉纤维。该系统以全自动为设计宗旨，建立了一整套全新的，利用纤维表面纹路特征分析识别纤维种类的方法，实现了无人工干预情况下，客观、准确的识别纤维种类，计算纤维宽度和纤维计数，并结合目前商检系统使用的国家标准，将识别结果换算成纤维重量百分比，达到了识别准确率高于93%的水平。系统的第二台样机具备很好的自动识别检测速度，通常识别一个试样片仅需要3~4 分钟。

本课题研究的主要内容有：系统硬件的搭建和自动控制的实现，包括显微镜系统的改造，三维载物台的基础控制和复杂控制；采用C++语言编写系统软件，利用多线程技术实现三维载物台移动控制部分、数字摄像机图像采集部分、图像处理分析和纤维种类识别部分的协同工作；设计完善的纤维识别流程，获取可用于识别苎麻和棉纤维的特征指标，分析特征参数的概率分布曲线，建立用于苎麻和棉纤维识别的公式，并确定公式中的权重系数；自动识别系统的测试和分析等。

系统的硬件构成，主要有显微镜成像系统、数字摄像机、三维自动载物台。硬件系统构建，包括硬件的组合以及相关控制的实现。苎麻和棉纤维的全自动识别，一定要基于一个可控制的全自动硬件平台，为此，对普通的光学显微镜进行了改造，将原来手动的载物台更换为三维自动载物台，并通过R232串口控制该载物台的精确移动；同时，利用USB2.0接口的数字摄像机，实现动态的图像采集。两者的结合，使得硬件系统具备了可控制的平台移动和图像采集的功能。

在硬件平台的基础上，文中结合系统实现的两个关键步骤：纤维图像的全自动定位采集和纤维种类无人工干预图像识别，详细地阐述了系统的原理和实现方法。

这两个关键步骤实现了以下功能：利用建立的三维自动载物台的显微硬件系统，实现纤维图像自动采集，全景扫描，自动聚焦，纤维目标的定位采集等复杂功能的软硬件控制；通过快速的全景图缝合和分析处理功能，实现全景图的分析，准确定位纤维目标，作到不丢失、不重复的纤维图像定位采集；创建了利用纤维表面纹路特征分析识别纤维种类的方法，并在自动系统中实现；提出利用纤维纵向图像识别苎麻和棉的特征参数，使其能够很好的定量描述纤维表面特征的差异；获得这些识别参数稳定的概率分布曲线，在此基础上，利用最大概率原理建立纤维种类识别公式；通过迭代的自适应识别测试获取识别公式中的权重系数，利用该公式在自动系统中实现纤维的无人工干预识别，并达到了预期的苎麻和棉纤维识别率。

文中还对系统的实现中一些比较重要的问题进行了深入探讨，并给出相应的解决方案。主要有：系统中六个特征参数的相关分析；识别公式建立及其原理；与另一种方法进行了比较后，所选取的更合理的纤维图像定位采集方法；采用了图像缝合处疑似断点的连接修复方法，大幅度提高了全景纤维骨架像提取以及全景缩略图的分析结果的准确性；解决了纤维交叉骨架异型处理以及骨架短枝删除等问题。

在实现了苎麻和棉纤维全自动识别系统后，对系统的有效性，稳定性和可再现性进行了分析和测试。经过对不同国家、不同产地、超过30,000根苎麻和棉纤维进行的自动识别测试，证明本系统可有效的实现纤维种类的自动识别，获取纤维的宽度，纤维的根数，进而折算出纤维的重量混纺比，并达到了预期识别准确率。同时，还对系统稳定性进行了测试和分析，系统在对不同种类纤维的的大批量识别中表现了较高的稳定性。系统的再现性测试也取得了良好的效果，对相同试样进行的自动识别实现了很高的可再现性。

本文还对影响系统识别率的因素、系统检测的速度，纤维切片的最佳长度，混纺比检测所需要的的最少纤维根数，以及系统存在的几点问题进行了讨论。

本文结合数字图像处理和模式识别技术，创新性的提出了利用纤维表面纹路分析来识别具有纵向表面差异的纤维种类的方法，实现了苎麻和棉纤维的全自动识别系统。可以预见，该方法可应用在其他具有相同化学性质、不同纤维表面特征的两种类纤维的自动识别中。例如，同属于纤维素类的棉与粘胶，以及同属于蛋白质纤维的羊毛和羊绒。
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An Automatic Identification System of Ramie and Cotton Fibers in Longitudinal View Based on Image Processing
Rong Wu Wang 
ABSTRACT
	At present, manual recognition method is widely used in commodity inspection system for determining the blending radios of ramie and cotton blending textiles. This method is mainly dependent on the subjective judgment of operators; therefore, the experience and technique of operators will influence the objectivity and accuracy of result. Furthermore, the manual method is time-consuming, hard sledding and has a lower efficiency. Accordingly, commodity inspection system needs a kind of objective and accurate recognition method for identifying ramie and cotton. It is also the purpose of our research to realize an automatic identification system of ramie and cotton fibers in longitudinal view.

This paper introduces an automatic identification system, which can identify ramie and cotton fibers and analyze compositions using textile fiber longitudinal image, based on the image processing and pattern recognition technology. In our research, a new method for identification textile fiber type using characteristic difference analysis of the stripes on fiber surface was established to substitute the manual method used widely. An automatic system without manual intervention was realized, which can identify fiber type objectively and accurately, measure fiber width and count fiber, as well as convert the data into the blending radio of ramie and cotton using the national standards used in commodity inspection system. The experiments showed that the overall tolerance for false identification of cotton or ramie fiber was lower than 7%.
The primary contents of the research include: System hardware building and automatic control realization, including microscope system renovation, the fundamental and complicated controls of 3D microscope objective table; Utilizing the “C++” language to compile system software, and utilizing multi-thread technology to realize the collaborative work of the 3D objective table movement control part, digital camera image capturing part, and image processing analysis and fiber type recognition part; Designing perfect flow for ramie and cotton fiber recognition, then obtaining available characteristic parameters for the identification and analyzing probability distribution curves of the characteristic parameters, at last establishing an equations for the identification and determining the weight coefficients of the equations; Testing and analyzing the automatic system.

The hardware of system includes microscope system, digital camera and 3D automatic objective table. The premise of realizing the automatic system is based on the completely automatic hardware platform which can be controlled by system software. Therefore, the ordinary microscope was transformed by replacing the original manual objective table with the 3D automatic objective table, the fine movement of which can be controlled by software through the R232 serial port; Digital camera was connected with USB2.0 to realize dynamic image capturing. Therefore, the system has the functions of 3D automatic objective table movement and image capturing simultaneously.

Based on the hardware platform, this paper elaborated the system principle and realization method by two essential steps: fiber image locating capture and automatic identification of ramie and cotton fibers.  
The two essential steps have realized following functions: based on the established 3D automatic objective table micro hardware system to realize fiber image automatic capturing, panoramic scanning, automatic focusing, fiber image locating capture and other complex controls of the software and hardware; stitching and analyzing panorama to locate fiber targets on the sample slide and capture the fiber images without missing and duplicating any fiber segments; proposing characteristic parameters for identifying ramie and cotton fibers in longitudinal view, which can give perfect qualitative describes of the difference on fibers surface; obtaining probability distribution curves of these characteristic parameters, and establishing fiber type identification equations based on principle of the biggest probability; gaining weight coefficients of the equations through iterative auto-adapted identification tests. The final identification equations were utilized in the system and the overall tolerance for false identification of cotton or ramie fibers was controlled in an anticipated scope.

The paper has also discussed some quite important questions for system realization thoroughly and given corresponding solutions as follows: correlation analysis of the six characteristic parameters used in the system; the principle of the identification equations; locating capture method for selecting perfect fiber image after comparison with another method; using breaking and reconnection to repair fiber skeletons, which enhanced the accuracy of the panoramic analysis and fiber image locating capture; solving the problems such as heterogeneous type processing for fiber skeleton overlapping, the deletion of skeletons branch, etc.

After the automatic identification system was realized, we analyzed and tested validity, stability and reproducibility of the system. More than 30,000 ramie and cotton fibers from three provinces in China and from eight different countries, respectively, were identified in our system automatically, and the experimental results showed that the overall error for identifying cotton or ramie fiber was lower than 7% in this system, and the experimental results also confirmed that stripes analysis of fiber surfaces was an effective method for automatic identification of ramie and cotton in a longitudinal view. 

In addition, the test on the stability of the system indicated many different type blending fibers displayed the high stability. The same specimen has been automatic identified by the system at different time, and the result demonstrated the high reproducibility of the system.
This paper also discussed the factors affecting the identification rate of the system: the examination speed, the optimum length of the fiber samples, the least number of fibers required for testing blending ratio, as well as several questions still existence in the system. 
Combining digital image processing and pattern recognition technology, the paper proposed a method to distinguish ramie and cotton fiber type utilizing fiber stripe analysis, and realized an automatic identification system of ramie and cotton fibers in longitudinal view. Moreover, this idea may be used for automatic identification of other types of fibers that have different longitudinal characteristics, for example, cotton and viscose, wool and cashmere.
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