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Abstract A clear understanding of friendly and hostile units as well as environmental conditions, such
as terrain and weather, are necessities for achieving victory on battlefields. An approach to estimating
the maximum ordinates of hostile artillery pieces by reversely calculating their trajectories with limitedly
available hostile artillery trajectory tables was studied to integrate them into operational planning. A
known trajectory table of an artillery piece was curve fitted for similar ranges to verify the method
applied. The accuracy of the estimation within the equally sampled data was relatively high. On the
other hand, the accuracy for the close range was insufficient to be used, while accuracy for far-range
estimation can be more applicable. The curve fitting method verified with known trajectory tables was
used to estimate the equations for predicting the maximum ordinates of hostile artillery. Integrating the
predicted maximum ordinates by the equation can produce high-value intelligence in operational
planning. In particular, it is expected to be helpful in the counter-battery radar operation unit and the
intelligence preparation of the battlefield (IPB) unit. In addition, comments on the limitations of this

work and future work that requires attention were suggested.
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Table 1. Maximum Ballistic Height of Some Types

Max. Ballistic Height
Category | Fire Range — —
Charge ‘a Charge 'b
S5km 126m 203m

A Type 10km 986m 1,380m
15km 4,120m 4,157m
S5km 66m 90m
10km 407m 578m

B Type
15km 1,500m 2,130m
20km 4,260m -

S5km 110m -

C Type 10km 737m -
17km 4,590m -
10km 519m -

D Type 15km 1,870m -
20km 6,150m -
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Table 2. Sample Data for Curve Fitting

Range (km) Max. Ballistic Height (m)
5 83
10 423
15 1240
20 3024
3500
3000 | y=0.6533x%-10.06x% + 104.57x —270:.0
2500 '
2000
1500
'
1000
500 p
0 -
] 5 10 15 20 25

Fig. 1. Range - Max. Ballistic Height Curve
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Table 3. Curve Fitting Accuracy Analysis(1)
R(ir;f)e Maxé;[;)eight C-F 1 E(ro;)c))r C-F 2 Eé:;uc;r

3 28 28.0 0.0 49.6 77.3

4 53 529 -0.2 64.2 21.1

5 86 86:0 0.0 86.1 0.1

6 131 129:3 -1.3 1214 -7.3

7 187 1849 -1.1 1738 -7.0

8 257 2547 -0.9 2455 -4.5

9 342 340.7 -0.4 3370 -1.4

10 445 445.0 0.0 4487 0.8

11 567 509.6 0.5 580.6 2.4
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12 711 7165 0.8 733.3 3.1 4.0 214 214.0 0.0 214.0 0.0
13 881 8877 0.8 908.3, 3.1 4.5 280 290:6 3.8 276.6 -1.2
14 1079 1085:2 0.6 1109.0 2.8 5.0 357 381:3 6.8 352.4 -1.3
15 1311 13111 0.0 1340.7 2.3 5.5 447 485:8 8.7 443.7 -0.7
16 1582 1567.3 -0.9 16116 1.9 6.0 553 6043 9.3 5530 0.0
17 1902 1855.8 -2.4 193372 1.6 6.5 677 736.8 8.8 6827 0.8
18 2279 2178.8 -4.4 2320.9 1.8 7.0 823 383.3 7.3 83571 1.5
19 2723 2538.1 -6.8 27945 2.6 7.5 1000 1043.7 4.4 1012'8 1.3
20 3251 2935.8 -9.7 3378.6 3.9 8.0 1218 1218.0 0.0 1218.0 0.0
21 3894 3373.9 -13.4 4103.8 5.4 8.5 1507 1406.3 -0.7 1453.2 -3.6
22 4713 3854.5 -18.2 5006.4 6.2 9.0 1977 1608.6 -18.6 1720.9 | -13.0
23 5871 4379.5 -25.4 6129.7 4.4 Total Error Avg.(ABS) 6.7 2.4
Total Error Avg.(ABS 4.2 7.7 Section Error Avg.(ABS) 5.7 1.5
Section Error Avg.(ABS 0.5 33 Total SD(ABS) 4.7 3.3
Total SD(ABS) 6.8 16.1 Section SD(ABS) 3.8 1.8
Section SD(ABS) 0.4 2.0
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Table 4. Curve Fitting Accuracy Analysis(2)

R(Ef)e Max&rI;Ilf)eight C-F 1 E(r(;)())r C-F 2 E(r[;)())r
2.0 47 47:0 0.0 470 0.0
2.5 76 678 -10.8 81:0 6.6
3.0 114 102.6 -10.0 118:6 4.1
3.5 159 151.3 -4.8 1621 2.0
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Table 5. Curve Fitting Accuracy Analysis(3)

R(irrf)e Max&rl:lgight C-F 1 E(rl;sr C-F2 E(r(;)())r
5 55 55.00 0.00 -46.99 | -185.43
6 82 86.53 5.53 18.00 -78.04
7 117 122.44 4.65 80.03 -31.60
8 160 164.58 2.86 141.75 -11.40
9 213 214.80 0.85 205.85 -3.36
10 275 274.97 -0.01 275:00 0.00
11 349 346.94 -0.59 351:86 0.82
12 436 432.55 -0.79 439:12 0.72
13 537 53368 -0.62 539:43 0.45
14 654 65218 -0.28 655148 0.23
15 790 789:89 -0.01 789.94 -0.01
16 947 948:68 0.18 945:47 -0.16
17 1126 113041 0.39 |- 112475 -0.11
18 1332 1330:92 0.37 |1330:45 -0.12
19 1566 1570:08 0.26 | 1565:24 -0.05
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20 1832 1831.74". -0.01 [.“1831:80 -0.01 Table 6. Function Obtained by Curve Fitting

21 2133 2123.75 | -0.43 [213279] -0.01 — '

22 | 2471 | 244798 | -0.93 [247089] 0.0 (o o) | G Max Dl Betght 2 Range)

23 2849 2806.27 | -1.50 [2848:78-] -0.01 -

24 | 3200 | 320049 | -2.10 [326931 0.00 Aa Y= A548¢ - 5102 + 1540

25 | 3735 | 363249 | -2.74 | 373456 -0.01 Ab y = 32 - 244.6x + 626

26 4249 4104.12 | -3.41 | 424781 | -0.03 Ba y = 1.22x° - 21.56x2+ 178.1x - 438

27 4819 4617.24 | -4.19 | 481153 | -0.16 Bb = 21.28%% - 221.6x + 666

28 5452 5173.71 | -5.10 | 542839 | -0.43 Ca y = 35.419%° - 405.89x + 1254

29 6162 577538 | -6.27 | 6101.05 | -0.99 Da = 58.58" - 1194.3x + 6604

30 6968 642411 | -7.81 | 683220 | -1.95

31 7911 712175 | -9.98 | 762450 | -3.62

32 9080 7870.17 | -13.32 | 8480.63 | -6.60 B A3LofA BAgE Aufof] ZASH] Table 69 'Ba’

33 10834 | 8671.21 | -19.96 | 9403.26 | -13.21 o] A9 A Mt 1S AZshd Table 79141
Total Error Avg.(ABS 3.28 11.71 HI H}-Q,]— Z:—h:]'
Section Error Avg.(ABS 1.09 0.17

Total SD(ABS) 4.54 36.14

Section SD(ABS) 166 0.25 Table 7. Prediction of Max. Ballistic Height (Enemy Art.)
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Range | Max.Height || Range | Max.Height || Range | Max.Height
(km) (m) (km) (m) (km) (m)

5 66:0 13 914.0 21 5,092.6
6 118:0 14 11773 22 6,035.7
7 170.7 15 1,500.0 23 7,096.8
8 2316 16 1,8894 24 8,283.1
9 307.9 17 2:3527 25 9,602.0
10 407.0 18 2:8974 26 11,060.8
11 5362 19 3,530.7 27 12,666.7
12 7027, 20 4,260.0
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