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Abstract The current retractable grandstand system has the potential to cause major accidents due to
the load of the grandstand structure and the real-time changing stress of users. In addition, there is a
risk of accidents even if an external intrusion occurs, such as hacking or careless use of an administrator
during the control of the grandstand. The IoT-based retractable grandstand integrated control
monitoring system measures the stress applied to the structure in real-time to determine if the
grandstand is safe. A preventive diagnosis system was introduced to check the load and vibration of the
structure by the sensor attached to the structure. By developing an integrated control monitoring
program, it is possible to check the main data of the site where the grandstand is installed in real-time.
In conjunction with the application, the status of the grandstand can be checked from anywhere, and
to control the grandstand, such as storage and withdrawal. Regarding security, the AES256 algorithm was
applied to the controller and program, and an unauthorized person's access to the system was blocked
by building an SMS server. Therefore, a steel structure analysis was performed to supplement the weak
areas of the grandstand structure. Human load measurement accuracy and current measurement
accuracy tests were conducted. The performance levels were 100 % and 99.42 %, respectively. In
addition, it satisfies the IP66 waterproof and dustproof rating, and communication between the server
program and the smartphone is made through packets to which a security algorithm is applied.
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Fig. 1. Photos displayed by preventive diagnosis
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Fig. 3. Stress sensor board instrument design
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Fig. 5. IoT integrated control system block diagram
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Fig. 6. Photographs of small testbeds for measuring
stress change data of the grandstand
structure
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Fig. 7. Stress sensor board instrument
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3. Test Period : 2023 02. 21
4. Test Result

1) Human Load Measurement Accuracy
- Human Load Measurement Accuracy(100 times) : 100(%)

2 suge igh_|
2 suge igh_|
ol

T o sage comer_|
2% sage comer_|

2 stage left
2% stage left
normal

Actual value
Measures

37 stage right
31 stage right
normal

normal

5% sage comer

5o sage center_|
|57 stoge conter

5% age comer |

27 stage left
o sage |

4" stage right
4" stage right

Measures

e sage cemer

Actual value | 5" stage left

5 sage et__|

6" stage left
6" stage left

pe 6" stoge center | & stage right_|

Comparison

Actual value 7" stage center 7" stage left 8" stage left

| 7" stagecenter | 7"stageleft | 8" stagelet |
normal

Measures

7" stage right

Comparison normal normal normal

=

Fig. 8. Human load measurement accuracy test report
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3.CazeA&B
- Case A Structure support fixation

-CaseB : Presence of wheel under structure support

4. Result

- Case A : Structure support fixation -Case B : Presence of wheel under structure support

1. Maxisom deformatice - 010851 mm L Meaimun defocnstion | 012173 s
2. Mfinineen defomuation : 0t 2 Minimum deformation : 0w

(d
Fig. 9. Analysis of vulnerable areas through structural
analysis
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Fig. 11. IoT controller circuit diagram

Fig. 12. IoT controller PCB
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Fig. 14. CCTV RTSP test

Table 1. CCTV RTSP test result

D CCTV-1ch | CCTV-2ch | CCTV-3ch | CCTV-4ch
Time(s) 30 30 30 30
Number of | 756 755 755 755
ictures
Average 25.20 25.26 25.26 25.26
Frame
3.5 AES266 ¢112|ES St HOt 45t S4 2
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Table 2. Comparison of stability and security of the
existing system and the proposed system

Existing System Proposed System
+ Maintaining parallelism of
suspense using sensing for
measuring stress change
(according to the actual value of
- Use of 4-whee! the report)
and G6-wheel | Secure safety system with
suspense adva.nct.e Warning‘; through risk
Stability | - Drive motor prediction algor'lthm and'
current emergency braking function
fluctuation is | Braking within 0.86 sec in case of
severe emergency braking with
overcurrent protection
device(accuracy of 99.42 % in the
test report)
- Human Load Measurement
Accuracy(100% in the test report)
- Not influenced by the outside by
. using an independent program
’ ngvglfrlfz;io + Maintain security as only
Security| n method authorized users can access the
- Not using system(By D, PW)
program - Only use authorized
communication(By AES256
algorithm)
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Table 3. Test subjects and test results

Test Subject Test Conditions Test Result
- Check the load and position of
Human Load the person on the instrument o
Measuremen 100 %
¢ Accuracy | 100 measurements to evaluate
Y| the final accuracy
Current  Measure accuracy within a value
Measuremen within the range of 1~2 A 99.42 %
¢ Accuracy | After 15 measurements, averaged
Y| for each accuracy
Motor - Prepare the load that can cause
brakine time| OVercurrent in advance, and
in cafe of measure the time it takes to 0.86 sec
overcurrent brake after momentarily turning
the system on
- Check whether the
vsve};itr},lfr communication between the 1.0
aleo 'thlrr)ll i| server program and the (Average
ag rllied 011" smartphone is made in packets | Confidential
ppnot to which the security ity)
algorithm(AES256) is applied
No ingress
IP6X |- KS C IEC 60529:2013 of dltlflte into
enclosure
No water
IPX6 |- KS C IEC 60529:2013 nere o
enclosure
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