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[Abstract]

In this paper, we propose a laboratory animal breeding device IVC(Individually Ventilated Cage)
system that applies a customized air conditioning control method according to the air information inside
the laboratory animal cage. This method maintains an optimal breeding environment in which the
experimental animals are not stressed inside the cage by precisely controlling the ACH(Air Change per
Hour). In addition, for the convenience of animal experiment researchers, it is a system capable of
monitoring breeding environmental variables such as temperature, humidity, differential pressure, ACH,
blower RPM(Rotations Per Minute), HEPA(High Efficiency Particulate Air) filter replacement cycle,
pre-filter replacement cycle, CO2 concentration, NH3 concentration, and air speed. In order to test the
performance of the developed system, two laboratory mice were placed in one cage, and environmental
variables were monitored while raising them in the developed system for about 6 hours. As a result of
the experiment, the experimental animal breeding environment target value presented in the

TACUC(Institutional Animal Care and Use Committee) guidelines was satisfied.

» Key words: Laboratory animals, Breeding equipment, Individually ventilated cage system,
Monitoring system, Air conditioning control method
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I. Introduction
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II. Preliminaries
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Table 1. Environmental control of laboratory animal
breeding facilities - IACUC
Item Value
Temperature 20 ~ 26°C
Humidity 40 ~ 60%
ACH 15 ~ 20ACH
Airflow Speed < 13~ 18m/s
C02 < 2,000ppm
NH3 < 20ppm
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Table 2. Comparison of IVC Systems

s Allent &b Three
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Monitoring Item | Green oWn™ ucts- Shine-
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maly) | YSA | (usay | KOR)
Temperature 0 0 0 0
Humidity 0 0 0 0
ACH 0 0 0 0
Blower RPM X 0 0 0
Breed Mode 0 0 0 0
HEPA/P.re Filter 0 0 X X

Periods

Airflow Speed X X X X
Cco2 X X X X
NH3 X X X X

III. The Proposed System
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IVC System
(Cage+Rack+AHU)

Fig. 1. IVC System Architecture

1. Cage

AoRl= Ads=0] BEste stz AloJX| U9
7185 =20] AEYAE K] AT 2 13 ~ 1.8m/sec
07 {AJstES IACUCH] sk qlony, Ao]x] Hie]
371 7A°IR] Wi9] 213t Alolx] We] 717 F2=0
ot geiler A9 g|Fat VR RAEE o]0
A= sttt B3 7oA Yo B, dHl=s 9,
0E Ad= sl 5851, 3] AloA] 19| WAL A2
At 51&E]ojA = <t "t} olF Hsll WE/d A(Seal)S
o]-&gt Alo]x] A YA it oA BhEAl0l AH

@ Aol ol Sol WA P iRl Asigick
hugt PSR AKX axle BUEPSU.

Polysulfone) AP 2 112, 14| Pat 4=0] Aet 9
2&0= 22 AREL Qe FEarlolt
2R2E7} 330 ~ 400°CE Al3do] o]z 23] 277}

gigolo], dshor ki o I/ V1en 2 ulg
o] Rk webd 1 29 2o| BUUE AHES 23

stol RN S L ool TE AHESHS Tolsty
IACUCOIA] 43t @G 5 ALS W 710 w2 7
olx] 2 AR 7|4 S IGO0, B Lol

2 0]§3 UPFE AolA YR T8 25

‘ Water Bottle ‘ ‘ Cover Filter ‘

Valve
]

Cover
Sealing

Fig. 2. Cage Development Products

2. Rack
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3. AHU

3.1 System Design
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Table 3. AHU Sensors

Sensor Function
Blower - RPM : 0~1750RPM, Speed adjustable
_ ~ by PWM (1-10kHz)
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(SHT75) - Temperature -40~100°C
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3.2.2 Supply/Exhaust Sensing Module
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Fig. 5. Supply/Exhaust Sensing Module

3.2.3 SBC & Main Module
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Fig. 6. SBC(Left) & Main Module(Right)

3.2.4 AHU Cover
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Fig. 7. AHU Development Products

3.3 Software Implementation

3.3.1 Air Conditioning Control Algorithm for Cage
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Fair = 0.2538 x RPM — 315385,
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Fig. 11. Air Flow Rate Equation for Blower RPM
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3.3.2 Main Module & Sensor Module Algorithm
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Table 4. Packet Architecture

STX Opcode DEfE Data ohs ETX
Len Sum
0x01~
0x02 0x04 n n n 0x03
- Opcode

1) Ox01 : Data acquisition start & RPM duty rate transmission
0x02 : Start sensor module data acquisition

(
(2)

(3) 0x03 : Sensor module data packet

(4) 0x04 : Main controller & sensor module data packet

Motor Control

Supply Exhaust
Temp/Humi Temp/Humi

[ co2 ] [Airflow Speed ] [ co2 ] [ Airflow Speed ]

[ NH3 [ BlowerReM |7 1i[ NH3 ][ Blower ROM |

Sensor Module

‘—l
[ Differential Pressure
Transmit

Fig. 12. Main Module & Sensor Module Flowchart
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Connect to Main Module

[ Read system initialization database ]‘—

[ Read environment variable database

[ Calculation of blower duty cycle ]

[ Perform functions according to each tab ]

Monitoring data update

Monitoring Program

[ Data acquisition packet transmission ]

Packet
Check

State comparison

[ Save acquisition value in database ]—

Acquisition Program

Fig. 13. Acquisition Program & Monitoring Program Flowchart

3.3.4 Monitoring Program
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IV. Experiments and Results
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Fig. 15. IVC System Development Products
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Fig. 16. Experiment Environment

Table 5. Experiment Goal

Item Goal
ACH 60 ~ 80ACH
Airflow Speed < 1.3 ~ 1.8m/s
C02 < 2,000ppm
NH3 < 20ppm
Differential Pressure < -2.5pa

(Negative Pressure)

2. Experiment Results

2023-04-03 2:25:02 PM Y& 2023-04-03 8:25:59
PM7LA] B71Rol SS9 SMas 13 17 ~ 215
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¢

|

>
>~ &
I,OI‘

[¢)
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ofta W4 AAE 2ol 2532 500 ppm, &4
U2 200 ppmO.2 AFE 77t AEA WA] OFs
S fAlge FUdstit). 1Y 202 ASE =yt W
AAIR efmol], A5t 14.52 ppm, &4 7.51
ppmO e AP F7F AERA WA b= H=E {AIR
& sttt I 212 ASE A WA AAE 2

zolu], A5 -0.66 pa, F|£2 ~4.26 palz F=5
o BE o] S AbsREo] RS RIS RAISHA] &
© Fie s, ols AN 524 % ADC
QAPE Q7] Wizoll AlARY Ftgrol -2.5 pal® [A|%

I

030003 1952 20230403 1701 20230403 1828 031912 2023

Airflow
Speed

Fig. 17. Experiment Results — ACH Graph
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Fig. 19. Experiment Results — CO2
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NH3 .

Time ‘

Fig. 20. Experiment Results — NH3

Differential Pressure
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Pressure
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Fig. 21. Experiment Results — Differential Pressure
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Table 6. Experiment Results(in average)

Item Results(Average)
ACH 74.79ACH
Airflow Speed 0.23m/s
C02 349 .90ppm
NH3 10.99ppm
Differential Pressure -2.67pa

V. Conclusions
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