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ABSTRACT

This article presented a study on the efficiency of image processing
techniques for controlling a small robotic arm. The system used a
webcam to capture images, which were then processed using the
PyCharm program. Micro servo motors served as the driving
mechanism for the robotic arm, controlled through an Arduino board.
The robotic arm operated based on hand movements, utilizing real-
time hand detection techniques that measured the distance between
the hand and the camera. The image processing analyzed the
movement patterns and distance of the hand to determine whether it
was moving forward, backward, left, right, grasping, or releasing an
object. This information was then used to command the
microcontroller, which controlled the small robotic arm's movement
along the X, V, and Z axes. Test results showed that the image
processing techniques effectively controlled the small robotic arm's
movement along the axes. The X, Y, and Z axis values changed
according to hand movements. When testing the robotic arm's ability
to move an object from left to right at a distance of 35 centimeters,
the average time for object movement was 34.51 seconds. When
powered by a 12-volt, 2200 milliamp-hour lithium-polymer battery,
the small robotic arm could operate for an average of 20 hours and

45 minutes.
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i1 : Pu et al. (2023)
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Figure 3 Distance estimation between the camera and the hand
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Figure 5 Hardware Connection Configuration for Controlling a Small Robotic Arm
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1. MsAn¥INYINUIBINISUsTIRIaNanIn (Image Processing) Wazn15ns19duile saulufianns
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Table 1 Operational Test Results of a Small Robotic Arm Controlled Using Image Processing

Techniques
Hand Position Detected by
the Camera Y z Robotic Arm Motion Hand grasp type

Initial Position (middle) 93 98 96 At the initial position Open the gripper

Top 94 150 107 Move upward Open the gripper

Down 98 50 106 Move downward Open the gripper

Left 150 103 115 Move leftward Open the gripper

Right 94 105 137 Move rightward Open the gripper

Move closer to the camera 93 110 180 The robotic arm moves Open the gripper
forward

Move away from the camera 97 107 80 The robotic arm retracts Open the gripper
to the initial position

Grasp the object - - - At the object position Open the gripper

Note: The values on each axis change according to the hand movement detected by the camera
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Figure 6 Display of the Hand Movement Position and the Distance Between the Camera and the

Hand (Continued)
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Figure 7 Object Transfer from the Left Side to the Right Side of the Robotic Arm

Table 2 Results of the Object Transfer Test from Left to Right at a Distance of 35 cm

Trial Object Size (cm) Object Transfer Time (s)
1 25x25x25 45.45
2 25x25x%x25 39.24
3 25x25x25 40.12
a 25x25x%x25 34.67
5 25x25x25 36.68
6 25x25x25 41.53
7 25x25x%x25 50.20
8 25x25x25 36.13
Average Object Transfer Time (s) 39.86
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Table 3 Battery Percentage (%) and Operating Time of the Small Robotic Arm Under Continuous

Operation
Battery Battery Battery
Time (s)  Percentage Time (s) Percentage Time (s) Percentage
(%) (%) (%)
0 90 420 70 832 49
30 96 441 69 853 a7
35 85 462 67 873 a7
60 84 482 65 894 45
100 83 502 64 915 a4
112 83 523 64 936 a4
135 82 544 62 956 43
143 81 564 60 977 43
173 80 585 60 998 42
198 79 605 59 1017 a1
210 78 626 59 1038 39
230 77 647 58 1059 38
260 77 667 57 1080 37
280 76 688 55 1100 37
296 74 708 54 1120 35
320 73 729 54 1142 33
335 72 750 52 1163 32
358 72 770 51 1182 32
379 71 791 50 1204 31
399 69 811 50 1224 30
1245 29
Continuous Operating Time of the Small Robotic Arm 20 hours 45 minutes

971 Table 3 way Figure 8 axuiuladnNsNIslInaILAINLUAMDIVBIUNAVUIAENATUALA Y
wiallansuszanananin agiinslanulaneideslusseziiaianady 20 9l 45 wilAnanyingumiu
Indavrinsindeufivesdioludnuusiin 9 aulvmdnuanasedradudaduaindosavvosuunneiy

90 LAD50UATVDILUAMBIN 29
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Energy Consumption of a Small Robotic Arm
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Figure 8 Battery Power Consumption of a Small Robotic Arm Controlled Using Image Processing

Techniques
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