[image: ]Supplemental figure 1. Electrical Components and flow of information and power in the DHC. (a) Overview diagram of voltage signals across the power, control (Arduino and Motor shield), recording systems (Arduino to LabJack), and light control. The three main flows of voltage in the DHC are shown: dispensing outputs (black), animal recording signals (orange), and power (green). These are consistent across the rest of the figure. (b) Ports used on the LabJack CB15 Terminal Board for recording data inputs as .csv files. (c) Front view of the power distribution circuit panel made of a red-solderable power distribution board perfboard, a buck converter set to 9V which supplies power to the motorshield to turn pellet dispensers, and a power relay board (set to high level trigger) which uses conditional input from both an Arduino-Motor Shield construct and the a LabJack T7 to differentially distribute power to key components of the system (right side of the board). The left half of the pPower dDistribution perfb Board houses the two sSolenoid vValve dDriving cCircuits and a 12V rail from which power is distributed to an Arduino  Mega 25602564, a buck converter, and a power relay board which controls the visible LED.d.  
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Supplemental figure 2. Data transfer, backup, and storage for processing. (a) The DHC stores food/water beambreaks, dispenses, running wheel positions, and video data and integrates with a Google sheet generated for entries during researcher daily checks. (b) Food, water and wheel data is saved to .csv with POSIX timestamps with auto-backup to both warm and cold storage servers. Computer control allows LabJack-encoded data (food, water and running wheel) as .csv in real time on local drives and automatically backed up to nearby RAID arrays and then university cold storage. (c) Video data are processed post-hoc by HomeCageScan on a dedicated server, and output files are .csv, with behaviors demarcated as having started in particular frames. An additional column is added to the .csv denoting the POSIX time of each behavioral start/end frame. (d) RShiny Server uploads data from warm storage server for daily and offline processing.
[image: ]
Supplemental figure 3. Food and Water control in the DHC. (a) To control food and water dispensing, an Adafruit Motor Shield v2 is mounted onto an Arduino Mega 2564. The Motor Shield distributes stepped down voltage (from 12V to 9V) from the Buck converter to mechanical elements. Six male 3-pin connectors are soldered onto the Motor Shield. Two of these connectors provide constant 5V of Power and a conditional logical output to the Solenoid Valve Driving Circuit, the latter only in the event of a beam break at one of the water ports. The other four 3-pin connectors interface with the Beambreak Assemblies located at each dispensing port. Colors of wires as in Figure S1. (b) Solenoid Valve Driving Circuit mediates water dispensing via control of the conditional opening of the appropriate solenoid valve. The 5 V solenoid valves (right) can be opened and closed to control the flow of water through the connected tubes. Additionally, each dispensing port is fitted with a Beambreak Assembly made of a photointerruptor, a female 3-pin connector providing power, and a 220 Ω current-limiter resistor. A digital signal is sent to the Motor Shield whenever the beam of the photointerruptor is broken (water-port assembly shown here). Colors of wires as in Fig. S1. (c) The purple bar represents the number of beambreak events (n = 100), green represents the dispense events (84.3 ± 1.2), and salmon represents the pellets dispensed (93.3 ± 2.0). The periwinkle bar represents the dispensing events with multiple pellets (7 ± 1.5). All beambreaks resulted in a motor turn. 

[image: ]
Supplemental figure 4: Individual eating and drinking habits. Each graph illustrates the total beambreak sum for each day of the experiment for every individual animal. Eating habits are shown with orange lines to represent the fatty food and green lines for normal food (a), and drinking habits are shown with pink lines to represent sucrose water and blue lines for normal water (b). The vertical red dotted lines represent the food swap days, and the vertical blue dotted lines represent the water swap days. Mouse ID numbers are found in the top right corner of each graph, and those marked in red have different scales on the y-axis to account for increased consumption. 
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Supplemental figure 5: Individual actigraphy habits. Each graph illustrates the distance ran in kilometers for each day of the experiment for every individual animal. Mouse ID numbers are found in the top left corner of each graph. Each black dot represents the distance run during one hour of the day, so each teal bar includes 24 dots to represent one day. The line on each graph is a regression line to illustrate the trend of increased wheel running as the experiment progresses.
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Supplemental figure 6. Daily behavioral breakdown of HCS video behavior. Graphs are shown for each animal individually housed in the DHC as annotated by number in bottom left of each plot. Plots show the percentage of daily time spent doing each of the behaviors listed at right (colors in graph correspond to each behavior). Data is plotted across the first 14 days of DHC housing- the ‘Acclimation period’.

Supple[image: ]mental Table 1. DHC Cost Breakdown
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Supplemental Table 2. Complete Statistics
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Parts List

Item Quantity Cost ($) Quantity  Cost per Unit

Behavioral Acquisition 

Components

Video Acquisition

EDR-75-12 Power 

Supply (1/pack)

1 26.07 1 26.07

Basler Camera acA1300-

200um

1 509 1 509

SMD 2835 Light 

(16.4ft/pack)

16.4 ft or ~500 cm 11.99 10 cm 0.24 LSBR200 Lens 1 178 1 178

DC 12-24V Light 

Dimmer (3/pack)

3 10.99 1 3.66 FRMS208 IR Filter 1 154 1 154

DC Relay with 

Optocoupler (10/pack)

10 12.99 1 1.3

Type-A to Micro-B USB 

3.1 Locking Cable 3m

1 29.84 1 29.84

850 nm IR Light ~500 cm 69.99  208 cm 29.16 Bandicam 1 49.95 1 49.95

Sparkfun Breadboard 

(1/pack)

1 4.25 1 4.25 Video Analysis

Buck Converter (1/pack) 1 15.99 1 15.99

HomeCageScan 

(CleverSys)

26000 1   26000

***

10k Ohm Resistor 

(1/pack)

1 0.75 2 1.5 LabGym 0

1 (manual 

training)

0

IRFD014PBF Transistor 

(1/pack)

1 1.3 2 2.6 DeepEthogram 0

1 (manual 

training)

0

1N4005-E3 Diode 

(1/pack)

1 5.29 2 10.58 Custom Parts

1N4757A Zener Diode 

(1/pack)

1 0.11 2 0.22

OVERTURE PLA 

Filament 1kg

1kg 23.99 619.67g 14.86

GP1A57HRJ00F 

Beambreak (1/pack)

1 3.03 4 12.12

Formlabs Rigid 4000 

Resin 1L

1L 229 667.83mL 152.93

200 Ohm Resistor 

(1/pack)

1 0.1 2 0.2

American Plastics 

Solutions 3/4" PVC 

Quoted 300 1 300

Male/Female 

Red/Green/White 

Tricolor 16AWG Cables 

JST-Suface Mount 15 

cm long (50/pack)

50 12.99 18 4.67 #6 3/4" Screws (50/pack) 50 6.97 26 3.62

Heat Shrink Tubing 

(600/pack)

600 5.98 6 0.06

#8 2" drywall screws 

(100/pack)

100 9.9 18 0.89

Photointerruptor Board 

(1/pack)

1 1.95 2 3.9

3.5" Rounded Brass 

Hinges with screws 

(18/pack)

18 25.99 4 5.77

Adafruit Motorshield 

(1/pack)

1 19.95 1 19.95

7328 Translucent White 

Acrylic Sheet 

24"x48"x1/4"

288 in^3 73 3 24.33

Arduino Mega 2560 1 49.9 1 49.9

2447 White Plexiglass 

12"x48"x1/8"

72 in^3 14.79

2 in

3

0.42

Tensility 24 AWG Wire 5m 4.76 71" 1.71

Barrel Jack Connector 10 9.98 2.99 Running Total 28777.3

Polulu Stepper Motors 

(1/pack)

1 31.13 2 62.26

18-8 Stainless Steel 

Phillips Screw 2.5"

10 9.95 4 3.98

***

12-24 Stainless Steel 

Hex Nut 5/32 inch height

100 12.53 4 0.5

MAS-PRO Stripboard 

(2/pack)

2 6.01 1/5 of one board 0.6

Luer Lock Syringes 

(100/pack)

100 19.99 2 0.39

1/16" Female Luer Lock 

(10/pack)

10 7.3 2 1.46

1/16" Male Luer Lock 

(10/pack)

10 9.1 2 1.82

20 Gauge Needles 

(100/pack)

100 9.89 2 0.19

3-way Lee Company 

Solenoids (1/pack)

1 74.08 2 148.16

10m 1.6mm ID/0.8mm 

wall tubing (1/pack)

10m 84 160 cm 13.44

MA3 Shaft Encoder MA3-

A10-125-B (1/pack)

1 77.2 1 77.2

5CC Syringe with Luer 

Lock Tip (100/pack)

100 18 1 0.18

Bio-Serv Igloo, Amber 

(1/pack)

1 4.2 1 4.2

Bio-Serv Fast-Trac, 

Amber (1/pack)

1 6.3 1 6.3

1/8" to 3/16" Shaft 

Coupler (1/pack)

1 4.99 2 9.98

12" x 3/16" Birch Wood 

Dowel (25/pack)

25 6.99 1/8 of one rod 0.03

LabJack T7 1 790 1 790

CB15 Terminal LabJack 1 33 1 33

36 Conductor 3m Cable 1 2.69 1 2.69

36 Conductor IDC 

Connector

1 12.72 1 12.72

Running Wheel Cable 1 16.11 1 16.11

3 Conductor 24 AWG 

Wires for Controlling 

Lights

1 2.17 1 2.17

continued

HCS was used for the video analysis shown in this publication
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Daily Running Complete Statistics Food and Water vs. Day Statistics
Chi-square= 139.214 with 13 degrees of freedom. (P = <0.001) All Pairwise Multiple Comparison Procedures (Holm-Sidak method):
Overall significance level = 0.05
All Pairwise Multiple Comparison Procedures (Tukey Test):
Comparisons for factor:

Comparison Diffof Ranks q P P<0.050 Comparison Diff of Means  t P P<0.050
Day14vsDay 1 193.5 11.564 <0.001 Yes avgsuc vs. day 317.321 15.174 <0.001 Yes
Day 14vs Day 2 166.5 9.95 <0.001 Yes avg suc vs. avg water 266.129 12.726 <0.001 Yes
Day 14vs Day 3 157 9.383 <0.001 Yes avg suc vs. avg fat 237.866 11.375 <0.001 Yes
Day 14vs Day4 143 8.546 <0.001 Yes avg suc vs. avg food 234.029 11.191 <0.001 Yes
Day 14 vs Day 6 121 7.231 <0.001 Yes avg food vs. day 83.292 3.983 <0.001 Yes
Day 14vs Day 5 120 7171 <0.001  Yes avg fatvs. day 79.455 3.8 0.001 Yes
Day 14vs Day 9 114 6.813 <0.001 Yes avg water vs. day 51.192 2.448 0.061 No
Day 14vs Day 7 94 5.618 0.005 Yes avg food vs. avg water 321 1.535 0.335 No
Day 14vs Day 8 94 5.618 0.005 Yes avg fatvs. avg water 28.263 1.352 0.326 No
Day 13vs Day 1 157.5 9.412 <0.001 Yes avg food vs. avg fat 3.837 0.183 0.855 No
Day 13vs Day 2 130.5 7.799 <0.001 Yes

Day 13vs Day 3 121 7.231 <0.001 Yes

Day 13vs Day4 107 6.394 <0.001 Yes

Day 13vs Day 6 85 5.08 0.022 Yes

Day 13vs Day 5 84 5.02 0.025 Yes

Day12vs Day 1 149.5 8.934 <0.001 Yes

Day 12vs Day 2 122.5 7.321 <0.001 Yes

Day 12vs Day 3 113 6.753 <0.001 Yes

Day 12vs Day 4 99 5.916 0.001 Yes

Day1lvsDay1 129.5 7.739 <0.001 Yes

Day 11vs Day 2 102.5 6.126 <0.001 Yes

Day 11vs Day3 93 5.558 0.006 Yes

Day 10vs Day 1 126.5 7.56 <0.001 Yes

Day 10 vs Day 2 99.5 5.946 0.001 Yes

Day 10vs Day 3 90 5.379 0.01 Yes

Day8vs Day 1 99.5 5.946 0.001 Yes

Day7vsDay1 99.5 5.946 0.001 Yes

Day9vs Day 1 79.5 4.751 0.048 Yes




image1.png
Full System Overview

¢

LabJack Input/Output

= ) O Vs pinName Descriton
IR Water Reservoir i 1 VS Labiaok D Fuving Wheel Beambresk e we
Perfboard o 2 CO1 Ruming WheelBeambresk “IN"
7 s ooz -
. a E100 Water 1 Beambreak
AT S EO2  Food 1 Beambresk
g 6 E104 Water 1 Dispense
7 EIO6 Food 1 Dispense
g 8 GND  Ruming Wheel Beambreak - "DC-"
Power SuPpIy CB15 Terminal 9 cloo Running Wheel Beambreak -"white"
0 ooz -
[l - Dispensing View 1 GND  Ruming WheelBeambresk - green”
Motorshield . Gives Signal To 12 EO01 Water 2 Beambreak
) 13 EO3  Food2 Beambreak
poterd - suppiies Pover To 6 E0s  waerzomperse
15 EIO7 Food 2 Dispense
C
Power Distribution
Solenoids 12V Power Supply )
o Light Dimmer

(#]

Perfboard

O Q

ARDUTN(

uck Converter

é

Water Dispenser

odb, odﬁ’ 000000 < >
OOMR00AR000000000
g gﬁgg‘gﬂg’ g abJack
!’\
sofosdet2 T,
8932443 (e} d
- Power Relay

0

Arduino & Motorshield

o
Output
Input
Input
Input
Input

Input

Input

Input

Input
Input
Input

Input




image2.png
a b c d

Digital Homecage (DHC) Primary Data Video Processing Server: RShiny Server

™

I ODDOo

oogle w @ Health/weight U
[ cage functions
[ Human room use





image3.png
a Food & Water Central Control

Food 2 " D L‘@

Output . Food 1

(@) Output
@ 1 < ©

Water Dispense

a ‘ ﬁ ﬂ Command to Solenoid

Water Data Input  Food Data Input

b water Dispersal Output

Valve

Front of Beambreak

Output Port
Default Closed

Back of Beambreak

Default Open
//

5V




image4.png
Q

(ox

L ERRCEEER R EREE I i - 3 4
e Ly iy b 1A bbby LY i
> 6- 7- 8. Gl 7 8
AP ” T b Ay - et ’J‘;’; - \ i L

9 - 10 -

H
PN
N
H
e
N
H
©

Beambreak Sum

1 . AN
1 fon - M i
N Toe I efiney ety Tl T e

[k 5 A J,\ Mo . P i .
skl Ledlir LaTened) Ry e EE A AR





image5.png
Ll

J

"4

3

2
1]
o4

DMMM
LMM
11

i

15
10

15
1.0
054
0.0+

8
1 z'#l!:“m
112

20

05

00
20
15
10
05
00

24
14
o

|l

20 6

110 Jm

15
1.0
054
0.0+

15

10
5
o

20

20

1.5
1.0
5
0.0+

il

15
10
05
00

15
10
5

A

.
00

"

2]
1
o4

(wy) @oueysig Buluuny

2
1
o4

Week




image6.png
Percent occupancy (%)

0 Sleep
0 Pause

@ Groom

0 Dig

Other

0 Sniff

Twitch

0 Forage

0 Walk

O Tum

0O Settling

0 Come Down
O Rear Up
OEat

0 Drink




