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Aim: An emerging challenge within the Flow community involves an overwhelming amount of data being produced which requires researchers to perform 

labor-intensive manual corrections to fix common post-compensation and unmixing errors. The aim of the project was to develop AI algorithms to assist 
with fixing unmixing/compensation errors (automatically or semi-automated) and to simplify the workflow associated with achieving correctly unmixed 
data for downstream analysis.

Background: 

Spectral Flow Cytometry (SFC) and the expansion of commercially available antibody-bound fluorophores have enabled the flow cytometry community to 
delve into and develop large multicolour immunofluorescence panels (25+ colours). One of the challenges of high-dimensional spectral flow cytometry 
experiments is finding reference controls resulting in no or limited unmixing errors. To achieve this using the same cell as in the experiment is the ideal 
reference control, however sometimes this can be difficult if the frequency of cells expressing the target marker is too low, the cells may be valuable or 
limited. An alternative is to use surrogate particles such as antibody capture beads. However, it has been noted that with polystyrene bead-based controls 
that seemingly meet all criteria, the fluorescence signature or spectral fingerprint of some dyes can be altered when bound to these beads, resulting in 
higher frequencies of unmixing errors as compared to cells. (Fig1 and Fig2)

The Current Approach to Fixing Unmixing Anomalies and FlowLogic Solution approach

Usually, NxN plots are generated and obvious unmixing errors are corrected by “eye” or non statistically and only in a two-dimensional (2D) space still 
yielding inaccurate results. Why? Manual adjustments or corrections of compensation via 2D dot plots have potential repercussions in all other 
dimensions/permutations, not just the one being corrected. Manual approaches result in perpetual checking whether one fix caused a potential problem 
somewhere else resulting in significant time being devoted to prepare the data for downstream analysis especially for complex 25+ colour panels. 
The Comp-Check and Fix feature in FlowLogic Solution software assists in correcting any anomalies and simplifies workflows associated with such 
fixes. A holistic visual overview of the data is provided along with dMFI statistics (similar to Secondary Stain Index (SSI) approach) (reference) with a 
colour coded reporting table that clearly indicates the consequences of making compensation adjustments for all relevant parameters. There are 
multiple workflows available while having complete overview and control of the process.
(i) Fully automated AI (ii) Interactive hybrid semi automated (iii) Manual approaches.

Process, Workflow and Results:

Step by step outline of the proposed workflow:

  

(a) From the advanced function menu – Click on Comp-Fix Tab
(b) Select the relevant parameters 
(c) Select the gating hierarchy level from which to start the function from the file navigator
(d) For a faster process especially for files with large number of events – Data Reduction can be applied and is suggested
(e) Click Build All Permutations results in visual displays (dot plots) for all relevant parameter permutations for the data. Cross check negative and 

positive gate positions (that have been autogated) and adjust if required. Initiate the algorithm by pressing Fix Data. The process takes place in a 
multidimensional space through multiple rounds of compensation adjustments until the set median dMFI tolerance values are within range and are 
reported as green.

(f) Median dMFI tolerance values are automatically identified based on the instrument’s dynamic range or can be input manually to desired levels. The 
colour coded SSI type report (post pressing Build All) will identify and flag any anomalies in the dMFI ranges defined.

(g) Amend the minimum number of events required for the algorithm to take into account before taking action (default set to 100 events)

Conclusion

Here we present an AI assisted Compensation-Fix algorithm that helps in the process of fixing unmixing or 
post compensation errors. Saving significant time and easing workflow when compared to manual 
approaches, especially useful for more complex immunofluorescence panels. The use of this algorithm is 
suited to more advanced users with a strong understanding of the biological processes and phenotypes of 
target populations. 
FlowLogic is user focused and always looking to improve the workflow in your data analysis. If you have 
any ideas or feedback, please visit us in Booth #12.
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Figure 1: Comparison of Spectral Unmixing Outcomes using three different reference controls for CD45 cFluor-R780. (A) Cells. (B) Polystyrene Capture Beads Type 1
(C) Polystyrene Capture Beads Type 2 (NB. all plots have been standardized for the same compression and scaling to compare accurately)

Fig 2B.

Figure 2: Examples Spectral Unmixing outcomes when antibodies are bound to cells v beads. These unmixing inaccuracies were the result of minor differences in the spectra of 
fluorochromes when the same antibody was bound to beads vs. cells. (A) CD39 BUV661 (B) IgM BV570 The outcome of these differences in spectral signatures and their manifestation 
in the affected channels (bead data only 2A (i)(ii), 2B (i)(ii) 
Reference: OMIP69
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Method:

A Cytek® 25-Color Immunoprofiling Assay, cFluor® Reagent Kit (18C) was used to generate data acquired on the Cytek® Aurora. Single colour 
compensation controls bound to cells and two different types of polystyrene beads were used to generate the unmixing results, which were then applied 
to a population of fully stained cells (PBMCs). All criteria for ideal compensation controls were met. Using FlowLogic Solution Software, unmixing 
anomalies were identified and corrected for downstream data analysis (Fig3a-g).
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Figure 3e: Typical SSI type report post initiating the Comp-Fix Algorithm. dMFI values are the calculated differences in median negative and positive autogated populations. Green 
values indicate acceptable range or Low Flag = minimal  or no chance of unmixing errors, Orange indicates a Medium Flag = moderate chance of unmixing errors, Red indicates Major 
Flag = High chance of unmixing errors. Negative values indicate suspected overcompensation. Positive values indicate possible under compensation. Any cells can be selected (by 
clicking) and the software will display the relevant plot to cross-check. INVALID indicates that the minimal number of events required for the algorithm to evaluate dMFI were not met.
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Figure 3g: (i) Post Build All a comprehensive overview is offered to visually inspect the data and statistically investigate the 
colour coded dMFI report for anomalies. (ii) Visual and statistical identification of potential unmixing anomalies. (iii) Autogated 
populations can be modified to more accurately identify problem populations. (iv) Results of an automated compensation fix to 
a tolerance level of under 2000 dMFI, further adjusted to 1000 dMFI with Orange Flag (v) Final result as the algorithm achieves 
dMFI set to a tolerance level of 200.
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