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Microscopic imaging of a large number of biological samples is needed for a wide 
spectrum of applications in life sciences, including High Content Screening (HCS) 
protocols. However, conventional microscopy is limited by some technical limita-
tions (movement speed of the stage, communication latency and device synchro-
nization) that are not compatible with experiment protocols. This application 
note introduces the use of the Inscoper Imaging Solution to perform continuous 
motion imaging microscopy. The principle is to acquire images  while the stage 
moves in continuous motion. With this new technique, researchers can monitor 
a large number of samples at very high speed with a preserved resolution. This 
commercial solution was first installed and tested at the National Institute of 
Standards and Technology (NIST; Gaitherburg, Maryland, USA).
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PRINCIPLE OF CONTINUOUS MOTION IMAGING
Automation in the field of microscopy has allowed researchers to easily 
image large samples in an automated manner using motorized stage. For 
instance, it is now common in a single acquisition sequence to image large 
histological sections or various batches of live cells in culture in multi-well 
plates. Called High Content Imaging (HCI), this automation of acquisition 
protocols enables the development of high throughput techniques for the 
imaging of various samples, such as C.elegans (Maglioni et al, 2021), zebra-
fish (Lin et al, 2011) or organoids (Zhou et al, 2017). HCI can be used in many 
applications including fundamental research,  target-based screening or 
cell-/animal-based phenotypic screening (Bray et al, 2016; Arias-Fuenzalida 
et al, 2019; Hoffman et al, 2021). Conventional automated microscopes use 
an incremental scanning routine to perform large imaging protocols (Figure 
1A). Such an approach is composed of several steps including repeatedly po-
sitioning the object, adjusting the focus and capturing a segment of the sta-
tionary object. 

However, this incompressible time limits temporal resolution when acqui-
ring rapid biological phenomena such as protein synthesis, apoptosis, endo-
cytosis, cell division, etc. 
Schenk et al, 2016 developed a new method of high-speed microscopy com-
bining phase contrast and brightfield imaging to image large cell culture ves-
sels . To dramatically increase the framerate, they proposed (i) to remove the 
stop of each acquisition and (ii) to image the samples during a continuous 
movement of the stage (Figure 1B). The system presented in the article is 
composed of a high speed sCMOS camera,  a pulsed LED, a motorized XY 
stage, a microscope with adapted objectives and a piezo Z-stage. All these 
elements were initially controlled by a C++ program developed in-house and 
by µManager software. The main challenge of continuous acquisition is to 
prevent the motion blur and ensure that samples remain in focus at all times.
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Tiling acquisition protocol with conventional imaging microscopy

Tiling acquisition protocol with continuous motion imaging microscopy
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Figure 1. Illustration of the mosaic steps with conventional and continuous motion imaging approaches

(A) In a conventional imaging protocol, acquisition is sequential, alternating between stage movement and 
image capture. Each colored square represents a camera trig and each arrow highlights that the stage is moving. 
Space between the colored squares indicates additional time for stage motion and camera triggering. (B) With 
continuous motion imaging, images are taken continuously during non-stop stage movement.

https://www.mdpi.com/2073-4409/11/1/100
https://pubs.acs.org/doi/10.1021/nn202116p
https://www.cell.com/cell-stem-cell/fulltext/S1934-5909(17)30279-5?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1934590917302795%3Fshowall%3Dtrue
https://www.nature.com/articles/nprot.2016.105
https://www.nature.com/articles/s41598-019-45917-2
https://www.nature.com/articles/s41598-019-45917-2
https://www.frontiersin.org/articles/10.3389/fimmu.2021.611280/full
https://www.nature.com/articles/srep34038


p.3

MICROSCOPE INTEGRATION
The Inscoper Imaging Solution (INSCOPER; Cesson-Sévigné, France) is a com-
plete and optimized control and image acquisition solution for automated 
microscopes used in life science. It replaces the commercial acquisition sof-
tware for Leica, Nikon, Evident (Olympus) or Zeiss microscopes, and can also 
equip home-built systems to make custom-made applications accessible to 
regular users. 

The user-friendly graphical user interface allows full control of all motorized 
devices, configuration of multidimensional acquisition sequences (time, XYZ, 
channels, multi-positions, tiling) and image visualization and processing. The 
Inscoper core technology improves the temporal resolution of acquisitions by 
removing all software latency and optimizing the synchronization of the ele-
ments of the microscope.

INSCOPER has recently installed two systems to perform continuous motion 
acquisition (Figure 2).

Figure 2. Microscope setup for continuous motion microscopy with Inscoper Imaging Solution

The optimized setup used for continuous motion imaging microscopy is composed of a pulsed LED light source, a 
XY stage, a microscope, a high-speed camera and a piezo stage. All these devices are connected to the Inscoper 
device controller.

Figure 3. Inscoper software interface for continuous motion acquisition

(A) Continuous motion imaging requires perfect synchronization between the stage and the light source. The ca-
libration step consists in determining in an automated way the acceleration and deceleration profile of the stage 
(orange part of the graph), while identifying the time required to obtain the desired displacement speed (green 
area of the graph). (B) Continuous motion acquisition allows a real-time visualization of the sample with a pre-
served spatial and temporal resolution. Users can have an overview of their sample and interact in real-time with 
stitched images.
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System #1: The optimized setup is composed by an AxioObserver Z1 (Zeiss, 
Oberkochen, Germany), a SCANplus motorized scanning stage (Märzhäuser, 
Wetzlar, Germany), an ORCA-fusion BT camera (C15440-20UP; Hamamatsu 
Photonics, Hamamatsu, Japan), a pulsed LED light source (LED100, Märzhäu-
ser) and the Inscoper Imaging Solution (INSCOPER, Cesson-Sévigné, France).

System #2: The regular system is equipped with the same devices as above, but 
with a Ti2-E microscope and TI2-S-SE-E motorized stage (Nikon, Tokyo, Japan) 
instead of AxioObserver stand and Märzhäuser stage.

SET UP AND ACQUISITION
Acquisition protocols were manually created using the software interface. At 
the start of the acquisition, all settings are sent to the Inscoper device control-
ler that will run the acquisition without any computer latency and with per-
fect synchronization between all devices. For continuous motion imaging, the 
exposure time has to be limited to a few microseconds using an intense LED 
flash to prevent motion blur with the best signal-to-noise ratio (SNR).

A                                                 B
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An automated calibration protocol has been implemented in the software to 
perfectly synchronize the LED flashes and camera trigger with the continuous 
movement of the stage. Users determine the time required for the stage to 
reach the desired motion speed. To do this, the acceleration and deceleration 
profiles of the stage are measured (Figure 3A). Once this fully automated ca-
libration step is complete, continuous motion acquisitions can be customized 
and tailored to the experiment requirements (Figure 3B).

This innovative imaging method allows researchers to easily image large biolo-
gical samples and multiwell plate supports with a very high frame rate (Figure 
4). For time lapse imaging this is a fundamental change to traditional imaging 
strategies and significantly improves the microscope’s spatial bandwidth pro-
duct, i.e. the relationship between the temporal resolution of a microscope and 
the area that can be imaged within the time lapse interval. Researchers could 
explore a large panel of biological applications including the impact of drugs 
on cell survival, mitosis or the motion of single cells for example. The dynamic 
interactions of gene regulatory networks components could also potentially be 
examined with this technological advance (Plant, Halter, 2020).
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Figure 4. Continuous motion imaging for tiling acquisitions

Overview of the final assembled image obtained by continuous motion imaging. Live zooms can be performed 
during acquisition and in the Visualization tab to see in more detail each part of the 96-well plate, as shown on 
the right side of the panel.

RESULTS
Continuous motion acquisition enables the imaging of large samples at a very 
high frame rate. Different acquisitions of the same samples could be performed 
using the Inscoper solution without and with the continuous motion modality, 
and with the µManager software as reference. The results are summarized 
below (Table I).

Table I. Comparison between µManager and Inscoper Imaging Solution for tiling acquisitions

µManager
Inscoper Imaging 

Solution

Inscoper Imaging 
Solution 

Continuous motion imaging

Sample 
support 

Number 
of images Area Scanning 

duration
Scanning 

speed
Scanning 
duration 

Scanning 
speed

Scanning 
duration

Scanning 
speed

System #1 - [regular system] : AxioObserver Z1 microscope (Zeiss), SCANplus stage (Märzhäuser), 
LED 100 illumination (Märzhäuser), ORCA-fusion BT camera (Hamamatsu), 

computer (128 Gb of RAM, GeForce RTXTM 2080 Ti)

One well 
from 6-well 

plate

961
(31 x 31)

9.6 cm2 - -
140 

secondes
(6.9 fps)

4.1 cm2/min
35 

secondes
(27.5 fps)

16.4 cm2/min

System #2 - [optimized system] : Ti2 Eclipse microscope (Nikon), LED 100 illumination (Märzhäuser), 
ORCA-fusion BT camera (Hamamatsu), computer (16 Gb of RAM, NVIDIA Quadro K1200)

One well 
from 6-well 

plate

961
(31 x 31)

9.6 cm2

576 
secondes
(1.7 fps)

1 cm2/min
181 

secondes
(5.3 fps)

3.2 cm2/min
80 

secondes
(12.0 fps)

7.2 cm2/min

Histological 
slide

1725
(63 x 24)

7.7 cm2

863 
secondes
(2.0 fps)

0.5 cm2/min
316se-
condes

(5.5 fps)
1.5 cm2/min

82 
secondes
(21.0 fps)

7.7 cm2/min

Entire 96-
well plate

21056
(112 x 188)

84.8 cm2

9407 
secondes
(2.2 fps)

0.5 cm2/min
3879 

secondes
(5.4 fps)

1.3 cm2/min
715 

secondes
(29.5 fps)

7.2 cm2/min

Inscoper technology already ensures the highest speed for device control and 
image acquisition (about 3 times higher frame rate) compared to conventional 
microscopy software such as µManager or other commercial software. Conti-
nuous motion imaging increases acquisition speed even more by an additional 
factor of 3. The results were observed comparing the acquisition of a histologi-
cal slide (Figure 5A) and a whole 96-well plate (Figure 5B).

https://www.sciencedirect.com/science/article/pii/S2001037020304098


Imaging a 96-well plate (21,056 images) took 157 minutes and 47 seconds 
with µManager, 64 minutes and 39 seconds with Inscoper Imaging Solution 
and 11 minutes and 55 seconds with the continuous imaging modality. Conti-
nuous motion imaging with Inscoper has been around 13 times faster than 
µManager to image an entire 96-well plate (Figure 5B). The optimized sys-
tem could not be equipped with µManager for compatibility issues, but the 
result would have been even more impressive.

SUMMARY
Continuous motion imaging allows to dramatically increase the acquisition 
frame rate in brightfield imaging. Combined with the Inscoper Imaging Solu-
tion, this technique is even 3 times faster and can easily be implemented on 
most microscopes on the market. This innovative method is certainly very 
promising for High Content Imaging, but can also be interesting in other ap-
plications in biology or other fields.
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Figure 5. Very high-speed microscopy with continuous motion imaging method

Comparison of the acquisition speed for imaging a histological slide (A) or 96-well plate (B) performed with µMa-
nager (orange), and Inscoper Imaging Solution regular modality (cyan), and continuous motion modality (blue 
night).
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