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Abstract — Micro-algae, one of the biological resources for alternative energy, has been heavily studied. Among
various methods to analyze the status of the micro-algae including counting, screening, and flocculation, the floc-
culation approach has been widely accepted in many critical applications such as red tide removal study or micro-
algae resource study. To characterize the flocculation status of the micro-alga. A traditional optical modality, i.e.,
photospectrometry, measuring the optical density of the flocs has been frequently employed. While this traditional
optical method needs shorter time than the counting method in flocculation status analysis, it has relatively lower
detection accuracy. To address this issue, a novel real-time micro-algae flocculation analysis method based on the
lens-free shadow imaging technique (LSIT) is introduced. Both single cell detection and floc detection are simulta-
neously available with a proposed lens-free shadow image, confirmed by comparing the results with optical micro-
scope images. And three shadow parameters, e.g., number of flocs, effective area of flocs, and maximum size of
floc, enabling quantification of the flocculation phenomenon of micro-alga, are firstly demonstrated in this article.
The efficacy of each shadow parameter is verified with the real-time flocculation monitoring experiments using
custom developed cohesive agents.

Keywords: Lensfree shadow imaging technique( =2 2] 7182} o]u]d 7]<), Micro-algae(7| M Z+),
Flocculation(-5-3)), Jar test(AFE|/~E), Floc analyzer(-5-34-2371)
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Fig. 1. (a) Principle of lens-free shadow imaging technique (LSIT),
(b) example of LSIT image, and (c) its 3D digital expression.
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Fig. 2. Schematic diagram of the proposed system enabling online floc
monitoring.
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Fig. 3. Whole frame LSIT image for microalgae and magnified regions-of-interest with matching standard optical micrographs. (a) single

microalgae condition, (b) flocculated micro algae condition.
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Number of flocs = 14
Effective area of flocs = 3,595
Maximum size of floc = 472

TB-EPS (22 min)

Number of flocs = 52
Effective area of flocs = 124,312
Maximum size of floc = 14,279

Fig. 4. Comparison between microalgae detection results. (a) Comparison between control sample and TB-EPS treated sample, (b) Whole

frame LSIT image at t=0, (c) Same image at t=22 min.
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Fig. 5. Results of floc analysis parameters. (a) The maximum size
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The number of flocs of microalgae by flocculation at different time.
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