Fly-on-a-ball
The spherical treadmill system was presented in:
Two-photon calcium imaging from head-fixed Drosophila during optomotor walking behavior.
Johannes D Seelig*, M Eugenia Chiappe*, Gus K Lott*, Anirban Dutta, Jason E Osborne, Michael B Reiser & Vivek Jayaraman. Nature
Methods (6 June 2010) | doi:10.1038/nmeth.1468
Between the published paper and the information presented on this web site, we want to provide everything you need to build a complete fly spherical
treadmill system. We apologize for any missing information, but will be happy to fix that if you let us know (see contact info on the Home page).
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Background
There is a long history of putting a tethered insect on a ball to measure its movements in response to controlled sensory stimuli. As mentioned in the
publication, Karl Götz and Erich Buchner had fly-on-a-ball systems working almost four decades ago. Our system uses modern image processing
technology to acquire, with high temporal resolution, velocity about all axes of rotation of the ball. The first system to use optical mouse sensors came
from Berthold Hedwig's lab, which used them to monitor crickets walking on a ball.

Hardware assembly
Zipped Autodesk Inventor CAD files for the tracker system are available here. TreadmillSystemFinal.iam is the top-level assembly.
Note (July 10th, 2010): If you downloaded the CAD files before July 10th 2010, we had accidentally included an old CAD file for the ball holder ("6mm
Treadmill.ipt"). Please use the newer "6mm Treadmill Gen 2.ipt". If you have already machined a holder based on the old CAD diagram, please cut the
top of the holder so that the hemispherical hole supporting the ball is only 1.25 mm deep. This is important both for the ball to be seen clearly by the
cameras and for stable airflow under the ball.

Treadmill tracking cameras
This is what our standard setup has (but you should be fine with alternatives too just make sure your lens doesn't have an IR coating):
1) 25mm computar c-mount lens: http://reytecimaging.com/computar-m2514-mp.
aspx
2) 2x extender: http://reytecimaging.com/computar-ex2c.aspx
3) And another extension to focus the image on the chip: C-Mount Extension Tube
(10mm Length) NT54-629 (on Edmund Optics)
The mouse chip used in the treadmill tracking cameras is no longer available. Pleas
e notify us, if you found a possible replacement and would like us to share your
solution here.

IR illumination of treadmill ball
For the illumination we used high-power IR LEDs from Illumination control: SLFA850-12-2-SA-110. These are no longer available.
Focused IR LEDs with custom wiring are low-cost alternative. The necessary parts
are:
2 X 850 nm, focused LEDs: LED851L from ThorLabs (https://www.thorlabs.com/thorproduct.cfm?partnumber=LED851L)
1 x LED controller: SLA-100-2 from Mightex (http://www.mightexsystems.com/family_info.php?cPath=4_53_22&categories_id=22)

The LEDs were wired in series so that they both received the same amount of current. They were mounted to rail carriages with stiff wire so that they
were in line with the cameras, and adjusted so that they sat below the camera line of sight and pointing up, illuminating the ball centre.

Ball material
We use polyurethane foam from general plastics' LAST-A-FOAM FR 7100 series:
https://www.generalplastics.com/products/fr-7100
This product series includes foams of different densities. The density of the foam affects the ball weight and inertia and as a consequence the fly's
walking behaviour. In the lab we have primarily used FR-7120 (20 lbs/ft3) and FR-7110 (10 lbs/ft3). We typically use the higher density material for
the smaller balls (6 mm) and the lower density material for larger balls (8-9 mm).

Tethering
Making a tether
For the tether itself:
Adapter piece between "tether foot" and tungsten wire: Stainless Steel 316 Hypodermic Tubing: 19 Gauge, 0.042" OD, 0.032" ID, 0.005"
Wall, 12" Length (https://www.microgroup.com/product-category/hypodermic_tubing/)
Price: $5.83
Pin Contact Gold Crimp 20-24 AWG Machined (from Digikey, Catalog #: A2160-ND)
Price: $23.00 total
Tungston wire: 127 µm diameter, 3 in long, 100 pieces (http://www.a-msystems.com/p-728-tungsten-rod.aspx)
Price: $46.00

For a holder on which the tether can be mounted:
Post that serves as tether holder: Mini Series Mounting Posts, Ø6 mm, L = 3" (https://www.thorlabs.com/newgrouppage9.cfm?
objectgroup_id=1257, Product #: MS3R)
Price: $7.80
Possible alternative: 464 Brass Round Rod, Unpolished (Mill) Finish, H02 Temper, ASTM B21, 0.25" Diameter, 84" Length (https://w
ww.amazon.com/dp/B003JP6DE0/ref=biss_dp_t_asn, Product #: 13440 )
Price: $19.06
Possible alternative: Eowpower 2pcs Brass Round Rods Lathe Bar Stock 1/4 Inch Diameter 14 Inch Length (https://www.amazon.
com/Eowpower-Brass-Round-Diameter-Length/dp/B0748DQ1MP/ref=sr_1_2?ie=UTF8&qid=1504842092&sr=82&keywords=464+Brass+Round+Rod%2C, Product #: 02-001-015)
Price: $11.99
Adapter piece, in which the tether can secured and which is to be mounted on the post: Socket Contact Gold Crimp 20-24 AWG Machined
(from Digikey, Catalog #: A2161-ND)
Price: $27.60 total

Tethering a fly
For gluing the tether to the thorax, we use KOA 300 (KEMXERT, York, PA, USA). In the second step, when we glue the head to the holder (which also
fixes the head to the throax), we use a different UV curable glue: Fotoplast Gel from Dreve (Dreve Dentamid GmbH, Unna, Germany).

Software
Software, Gerber files, and documentation to assemble the camera/optic chip system part of the ball tracker/Fly treadmill
are available in this zipped file.

MATLAB code to calibrate the treadmill using Camera3 (see paper) is available here.

Note: Computer-to-chip communication issue with Windows 7 & the latest FTDI driver (TreadmillDemo
throws a "Bad Read")
The fix is just to change the BAUDRATE in line 69 of TreadmillDemo.cpp from 1250000 to
1152000.
Thanks go to Armin Bahl (MPI, Martinsried) for bringing this to our attention.
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