
QUICK TIPS
(--THIS SECTION DOES NOT PRINT--)

This PowerPoint template requires basic PowerPoint 
(version 2007 or newer) skills. Below is a list of commonly 
asked questions specific to this template. 
If you are using an older version of PowerPoint some 
template features may not work properly.

Using the template

Verifying the quality of your graphics
Go to the VIEW menu and click on ZOOM to set your 
preferred magnification. This template is at 100% the size 
of the final poster. All text and graphics will be printed at 
100% their size. To see what your poster will look like when 
printed, set the zoom to 100% and evaluate the quality of 
all your graphics before you submit your poster for 
printing.

Using the placeholders
To add text to this template click inside a placeholder and 
type in or paste your text. To move a placeholder, click on 
it once (to select it), place your cursor on its frame and 
your cursor will change to this symbol:         Then, click 
once and drag it to its new location where you can resize 
it as needed. Additional placeholders can be found on the 
left side of this template.

Modifying the layout
This template has four
different column layouts. 
Right-click your mouse
on the background and 
click on “Layout” to see 
the layout options.
The columns in the provided layouts are fixed and cannot 
be moved but advanced users can modify any layout by 
going to VIEW and then SLIDE MASTER.

Importing text and graphics from external sources
TEXT: Paste or type your text into a pre-existing 
placeholder or drag in a new placeholder from the left side 
of the template. Move it anywhere as needed.
PHOTOS: Drag in a picture placeholder, size it first, click 
in it and insert a photo from the menu.
TABLES: You can copy and paste a table from an external 
document onto this poster template. To adjust  the way 
the text fits within the cells of a table that has been 
pasted, right-click on the table, click FORMAT SHAPE  then 
click on TEXT BOX and change the INTERNAL MARGIN 
values to 0.25

Modifying the color scheme
To change the color scheme of this template go to the 
“Design” menu and click on “Colors”. You can choose from 
the provide color combinations or you can create your 
own.

QUICK DESIGN GUIDE
(--THIS SECTION DOES NOT PRINT--)

This PowerPoint 2007 template produces a 36”x48” 
professional  poster. It will save you valuable time placing 
titles, subtitles, text, and graphics. 

Use it to create your presentation. Then send it to 
PosterPresentations.com for premium quality, same day 
affordable printing.

We provide a series of online tutorials that will guide you 
through the poster design process and answer your poster 
production questions. 

View our online tutorials at:
 http://bit.ly/Poster_creation_help 
(copy and paste the link into your web browser).

For assistance and to order your printed poster call 

PosterPresentations.com at 1.866.649.3004

Object Placeholders

Use the placeholders provided below to add new elements 
to your poster: Drag a placeholder onto the poster area, 
size it, and click it to edit.

Section Header placeholder
Move this preformatted section header placeholder to the 
poster area to add another section header. Use section 
headers to separate topics or concepts within your 
presentation. 

Text placeholder
Move this preformatted text placeholder to the poster to 
add a new body of text.

Picture placeholder
Move this graphic placeholder onto your poster, size it 
first, and then click it to add a picture to the poster.

RESEARCH POSTER PRESENTATION DESIGN © 2011

www.PosterPresentations.com

© 2011 PosterPresentations.com
    2117 Fourth Street , Unit C
    Berkeley CA 94710
    posterpresenter@gmail.com

Student discounts are available on our Facebook page.
Go to PosterPresentations.com and click on the FB icon. 

  Automated Segmentation and Size Analysis of 
Microstructures Using the Segment Anything Model (SAM)

The Hsu Lab is interested in leveraging computer 
vision in determining grain diameters. To do this, an 
image processing program must take input images and 
output segmented masks over each individual grain, 
after which diameters and standard deviations from 
the mean are calculated. Given the volume of images 
taken by the Hsu Lab, a new methodology must be 
designed with maximal efficiency at minimal cost and 
error in mind. We propose an image processing 
program which leverages Holistically-Nested Edge 
Detection (HED) principles, optimized with a 
watershed algorithm, to extract key insights.

Introduction

Motivation

Polycrystalline methyl‑ammonium lead iodide (MAPbI₃) layers were deposited 
by one‑step spin‑coating on pre‑patterned glass/ITO substrates and thermally 
annealed across a full‑factorial design in which temperature (80–120 °C), 
dwell time (5–60 min), and methyl‑ammonium‑iodide partial pressure were 
systematically varied. After annealing, top‑view secondary‑electron 
micrographs were collected on a field‑emission scanning electron microscope 
operated at 5 kV and 50 000× magnification; scale bars embedded in each 
frame provided an internal pixel‑to‑nanometre calibration.

All image analysis was performed in Google Colab using an NVIDIA T4 GPU 
under Python 3.10. The software stack comprised PyTorch 2.2, 
Torchvision 0.17, OpenCV 4.10, tifffile 2024.2, and the reference 
implementations of the Segment Anything Model (SAM, ViT‑H checkpoint) [2] 
and Holistically‑Nested Edge Detection (HED) [3]. Raw 16‑bit .tif files were 
batch‑converted to 8‑bit .jpg images by linear intensity rescaling, after which 
a uniform region of interest was cropped to remove scale legends and 
peripheral artefacts. The physical width of one representative micrograph 
was recorded once per session, allowing global derivation of 
pixel‑to‑nanometre and pixel‑to‑micrometre conversion factors.

Each cropped image was first processed by HED to generate a refined binary 
edge map; two iterations of 3 × 3 morphological opening suppressed isolated 
noise pixels. The edge map was then blended at 20 % opacity with the original 
SEM image and submitted to the prompt‑free automatic mask generator in 
SAM. The resulting mask set was subjected to intersection‑over‑union‑based 
non‑maximum suppression (threshold = 0.20) to remove redundant detections, 
followed by a marker‑controlled watershed transform that separated touching 
grains. Masks whose equivalent‑circle areas lay outside 2 × 10⁴ nm² to 
5 × 10⁵ nm² were discarded to eliminate both sub‑resolution speckle and 
stitching artefacts, and an exclusivity routine enforced a one‑grain‑per‑pixel 
condition.

For every retained mask the equivalent‑circle diameter

d = 2 * sqrt(A / π)

was calculated and converted to nanometres using the previously determined 
scale factor. Diameter histograms (20 equidistant bins) were generated, and 
the mean, sample standard deviation, and standard error of the mean were 
computed for each image and for the aggregate data set. To validate the 
deep‑learning workflow, the ASTM E112 line‑intercept method was applied 
manually to a randomly selected 20‑image subset; the automated pipeline 
reproduced the ASTM mean grain diameter to within ± 5 % while increasing the 
number of individual grain measurements from ~200 to > 10 000 per frame. 
Average processing time was approximately eight seconds per image, 
representing a > 100‑fold throughput gain relative to manual counting and 
matching the autonomous grain‑size analysis benchmarks reported by 
Bordas et al. [1].

The resulting grain‑size distributions will be correlated with open‑circuit 
voltage, short‑circuit current density, fill factor, and power‑conversion 
efficiency of fully fabricated solar cells, enabling quantitative identification 
of the annealing window that maximizes device performance while preserving 
film uniformity.

Methodology 

We were able to demonstrate that utilizing SAM, 
augmented with HED and modified with watershed 
algorithms, returns results far superior to using SAM alone. 

Results Conclusion and Future Directions

This work presents a high-throughput, automated image processing 
pipeline that combines the Segment Anything Model (SAM) with 
Holistically-Nested Edge Detection (HED) and watershed refinement to 
accurately segment and analyze grain structures in polycrystalline 
MAPbI₃ films. Compared to traditional ASTM line-intercept methods, 
our approach offers a significant increase in efficiency and 
granularity, capturing thousands of grains per image in seconds while 
maintaining close agreement with ground-truth measurements. These 
results establish a scalable framework for correlating annealing 
conditions with grain size and, ultimately, solar cell performance. 
Future directions include adapting the pipeline to other material 
systems, incorporating real-time correction through active learning, 
and integrating device-level performance data to develop predictive 
models for materials optimization.
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Perovskite solar cells owe much of their performance to the 
microstructure of the light‑absorbing layer. In 
methyl‑ammonium lead iodide (MAPbI₃) films, annealing 
temperature, time, and atmosphere determine how nuclei grow 
into polycrystalline grains, and grain boundaries act as the main 
sites for non‑radiative recombination. Accurately linking grain 
size to device metrics such as Vₒ꜀ and PCE is therefore essential 
for optimizing any new processing recipe.

Traditionally, researchers estimate grain size with the ASTM 
line‑intercept method—drawing a few test lines on each 
micrograph, counting boundary crossings, and inferring an 
average diameter. While simple, this approach samples only a 
tiny fraction of every image and becomes a bottleneck when 
hundreds or thousands of SEM frames are generated in a full 
annealing study. Most of the microstructural information is 
literally left on the table.

To unlock that unused data, the Hsu Lab intends to replace 
parse manual sampling with a fully automated computer‑vision 
pipeline. The program fuses the Segment Anything Model, 
Holistically‑Nested Edge Detection, and a watershed 
post‑processor to convert each image into per‑grain masks, then 
instantly outputs grain diameters, their distribution, and 
statistical confidence. By analyzing every pixel, the pipeline 
delivers richer, more reliable grain‑size statistics at minimal 
cost and human effort, providing the high‑throughput feedback 
we need to pinpoint the annealing windows that maximize 
perovskite solar‑cell efficiency.
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