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Abstract

With the rapid development of technology in recent years, robotics is widely used in many fields
such as home services, industrial guidance, and military operations. This paper uses raster mod-
eling and linear programming model to establish the mathematical models of the shortest path
and the shortest time path for the robot to avoid obstacles from one point in the region to another
point—the shortest path model gives the principles of robot walking and provides the basis for the
selection of possible paths for the robot; it also discusses the calculation methods of the lengths of
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the straight-line and arc segments of the robot in the walking path, as well as the coordinates of
the tangent points of the straight line and the arc, which provides a good tool for solving follow-up
problems; the shortest time model takes the shortest walking time as the goal, finds out the most
suitable turning circle center and radius, and then finds the optimal solution by establishing a li-
near programming model.
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Figure 1. Planar scene view
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Figure 2. Areas where the robot is feasible
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Figure 3. Different ways of turning
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Figure 4. Different turning radius
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Figure 5. Different turning circles
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Figure 6. Three ways to cross a circular obstacle
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Figure 7. Schematic diagram of a zone
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Figure 8. The tangent line lies on the same side of the two circles
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Figure 10. The tangents lie on the opposite sides
of two circles with different radius
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Figure 11. Calculation of tangent point coordinates
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Figure 12. Robot shortest turn process diagram
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Figure 13. The possible paths of O—A
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Table 1. Detailed solution of the shortest path O—A
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B - - - - 471.0372 96.0176
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Figure 14. The minimum time travel chart of O—A
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Table 2. Detailed solution for the minimum time path O—A
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X B A% i R ALK 2 R AL bR B R oA A TR 17 R 18]
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Figure 15. The possible paths of 0—G
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Table 3. Detailed solution of the shortest path O—G
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MR _Eb Tk

X Bt 12 i R AR 2 R AR BUIRELCAshR AT EREE 1T FEI A
EE ] (0,0) (50.14, 301.64) 305.7777 61.1555
BB LR (50.14, 301.64) (51.68, 305.55) (60, 300) 4.2328 1.6931
HLR 2 (51.68, 305.55) (96.68, 373.05) 81.1278 16.2256
BB L (96.68, 373.05) (141.68, 440.55) 81.1223 16.2245
WX IRZRER (141.68, 440.55) (147.96, 444.79) (150, 435) 7.7755 3.1102
BB 2 (147.96, 444.79) (185, 452.5) 37.8319 7.5664
BB 1 (185, 452.5) (222.04, 460.21) 37.8319 7.5664
BB RZRE (222.04, 460.21) (230.00, 470.00) (220, 470) 13.6557 5.4623
BB 2 (230.00, 470.00) (230, 500) - 30 6
BB 1 (230, 500) (230.00, 530.00) 30 6
BB IRk ER (230.00, 530.00) (225.50, 538.35) (220, 530) 9.8883 3.9553
BB 2 (225.50, 538.35) (185, 565) 48.4768 9.6954
HZ&E 1 (185, 565) (144.50, 591.65) 48.4768 9.6954
BHXB B (144.50, 591.65) (140.69, 596.35) (150, 600) 6.1474 2.4590
BB 2 (140.69, 596.35) (100, 700) 111.3553 222711
syl - - - - 853.7002 179.0802
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