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Analyzing the Impact of Observation Errors in Counter-Battery Radar
and Errors of Artillery on Firing Effectiveness

Byung Joo Kim'

Unlike conventional radar, Counter-Battery radar encounters observation errors when estimating the target's
location. These observation errors are among the main factors that decrease the effectiveness of hitting the enemy
with artillery. The objective of this study is to analyze the impact of observation errors from Counter-Battery
radar on firing effectiveness. Scenarios were assumed with enemy and friendly artillery ratios of 1:1, 1:6, and
6:6. The observation errors of Counter-Battery radar and artillery accuracy were each adjusted in increments of
Im within a range of 0-300m, and a Monte Carlo method was employed to conduct a simulation analysis on
the firing effectiveness. Simulation analysis results confirmed that the observation errors of Counter-Battery radar
impact the firing effectiveness as much as the errors in artillery. It was also found that the firing effectiveness can
be improved depending on the way the artillery is operated. The findings of this research provide a quantitative
analysis method for the military when determining the required performance in relation to observation errors of
Counter-Battery radar. It is expected to contribute to enhancing the effectiveness of the current system operation,
producing more realistic results in battlefield simulation analysis, among other benefits.
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Fig. 1. Concept of Counter-Battery Radar Operation
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Fig. 2. Fig. 3.
Difference in error shape Errors in Observation
between air and ground and Interpolation
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Table 1. Simulation result of effectiveness by scenarios

CZHEXZ0|Ce HEQAIR} B2 QA0 ME AFAEIE 24

|

Simulation result of Scenario 1(1:1)

Artillery

Radar 0 20 40 60 30 100 120 140 160 180 200 220 240 260 280 300
0 100.0% | 61.7% | 30.1% | 23.1%| 174%| 137%| 11.7%| 96%| 68%| 70%| 65%| 64%| 58%| 56%| 38%| 53%
20 58.0% | 34.8%| 209% | 164% | 125% | 79%| 81%| 69%| 57%| 54%| 53%| 41%| 42%| 41%| 38%| 32%
40 31.9% | 214% | 158% | 97%| 71%| 68%| 51%| 48%| 38%| 29%| 33%| 28%| 28% | 22%| 19%| L7%
60 243% | 159%| 96% | 54%| 41%| 44%| 38%| 28%| 25%| 19%| 25%| 21%| 13%| 22%| 15%| 19%
80 177% | 132% | 73%| 54%| 49%| 40%| 3.0%| 25%| 13%| 19%| L17%| 17%| L7%| 16%| 15%| 11%
100 109% | 89% | 48%| 46%| 25%| 26%| 25%| 21%| 20%| 21%| 16%| 22%| 07%| 12%| 20%| 11%
120 102% | 72% | 46%| 40%| 19% ]| 29%| 22%| 15%| 22%| 12%| 16%| 17%| 09%]| 08%| L1%]| 0.6%
140 86% | 63%| 43%| 32%| 26%| 18%| 10%| 12%| 12%| 07%| 11%| L1%| 12%| 09%| 07%| 09%
160 101% | 70%| 40%| 24%| 24%| 24%| 19%]| 12%| 15%| 16%| 09%]| 08%| 07%| 08%| 03%| 08%
180 76% | 51%| 44%| 33%| 17%| 16%| 15%| 13%| 10%| 08%| L1%| 12%| L11%| 13%| 10%| 07%
200 69% | 52%| 31%| 17%| 22%| 09%| 17%| 09%]| 16%| 06%| 12%| 09%| 09%| 13%| 02%| 04%
220 56% | 45% | 39%| 1.6%| 27%| 15%| 08%| 12%| 13%| 08%| 10%| 08%| 10%| 04%| 08%| 11%
240 57% | 49% | 15%| 19% | 18%| 16%| L7%| 12%| 08%| 09%| 11%| 03%| 05%| 06%| 09%| 03%
260 54% | 39% | 29%| 19%]| 12%| 15%| 10%| 09%| 07%| 12%]| 06%| L1%]| 06%| L1%| 07%| 02%
280 41% | 30%| 25%| 18%| 18%| 14%| 14%| 05%| 08%| 08%| 10%| 06%| 08%| 05%| 09%]| 05%
300 42% | 2.6% | 27%| 1.0%| 18%| 14%| 07%| 05%| 09%| 05%| 03%| 05%| 04%| 02%| 02%| 0.6%

Simulation result of Scenario 2(1:6)

IiArtTr);Irle 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
0 100.0% | 792% | 62.3% | 459% | 37.9% | 323%| 285% | 24.8% | 223% | 19.6% | 17.2% | 156% | 15.0% | 143% | 144% | 12.6%
20 85.5% | 66.7% | 49.9% | 39.6% | 312% | 272%| 22.0% | 21.5% | 182% | 164% | 144% | 13.8% | 118% | 120%| 100% | 11.3%
40 60.0% | 463% | 37.3% | 319%| 23.0%| 23.8% | 19.0% | 14.8%| 152% | 128% | 11.0% | 118% | 104%| 87%| 83%| 8%
60 447% | 354% | 309% | 23.6% | 188% | 17.0% | 142%| 13.9%| 12.0%| 108% | 87%| 92%| 79%| 75%| 72%| 75%
80 344% | 29.0% | 21.6% | 199% | 172%| 149% | 129% | 11.8%| 88% | 101%| 75%| 73%| 66%| 70%| 46%| 50%
100 214% | 237% | 192% | 158% | 13.7%| 12.8%| 105% | 9.6%| 87%| 78%| 79%| 48%| 60%| 60%| 59%| 53%
120 239% | 183% | 163% | 13.1%| 11.7% | 9.6% | 89%| 93%| 66%| 64%| 54%| 46%| 54%| 51%| 48%| 3.1%
140 193% | 17.0% | 145%| 133%| 10.7% | 98%| 6.8%| 67%| 61%| 55%| 59%| 58%| 47%| 38%| 35%| 49%
160 160% | 145% | 11.8% | 11.7%| 81%| 83%| 75%| 65%| 45%| 50%| 43%| 37%| 26%| 47%| 3.6%| 42%
180 169% | 11.7% | 99% | 92%| 88%| 81%| 56%| 64%| 46%| 42%| 41%| 35%| 40%| 41%| 45%| 33%
200 144% | 114% | 101% | 89%| 78%| 60%| 50%| 59%| 49%| 46%| 44%| 37%| 34%| 35%| 34%| 32%
220 135% | 132%| 72%| 82%| 57%| 56%| 51%| 53%| 33%| 47%| 29%| 3.0%| 26%| 3.6%| 29%| 29%
240 128% | 112%| 66%| 66%| 72%| 53%| 54%| 52%| 41%| 47%| 27%| 32%| 38%| 31%| 29%| 3.0%
260 11.0% | 77%| 70%| 63%| 70%| 50%| 48%| 48%| 39%| 37%| 40%| 29%| 19%| 25%| 26%| 24%
280 108% | 94%| 76%| 60%| 53%| 53%| 37%| 38%| 45%| 35%| 27%| 29%| 23%| 26%| 25%| 18%
300 88% | T77%| 57%| 46%| 52%| 38%| 41%| 38%| 32%| 35%| 24%| 20%| 14%| 22%| 20%| 18%

Simulation result of Scenario 3(6:6)

IiArtTr);Irle 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
0 100.0% | 92.0% | 832% | 753% | 67.2% | 60.6% | 551% | 50.1% | 47.1%| 43.0% | 39.1% | 37.3% | 34.6% | 32.6% | 30.6% | 29.0%
20 96.0% | 863% | 78.6% | 71.0% | 62.9% | 57.7% | S518% | 46.9% | 43.7% | 40.6% | 37.5% | 342% | 31.6% | 309% | 28.8% | 26.7%
40 822% | T4.6% | 68.7% | 62.7% | 584% | 52.5% | 47.0% | 41.8% | 402% | 357% | 33.9% | 313%| 28.0% | 28.8% | 269% | 24.8%
60 67.7% | 61.7% | 59.0% | 529% | 49.2% | 46.8% | 41.9% | 393%| 357% | 31.7% | 29.0% | 280% | 27.3%| 259%| 23.1%| 21.9%
80 577% | 533% | 49.6% | 47.6% | 43.1% | 41.0% | 373% | 34.9% | 31.8% | 29.3% | 26.7% | 244% | 233%| 213%| 21.1%| 20.8%
100 50.0% | 43.8% | 43.7% | 42.5% | 36.5% | 36.1% | 334% | 30.5% | 292% | 265% | 23.6% | 21.7% | 21.9%| 20.0%| 184% | 17.6%
120 414% | 38.6% | 39.6% | 350% | 33.1% | 319% | 29.8% | 28.0% | 252% | 23.1% | 22.0% | 20.5% | 19.1% | 18.5% | 169% | 16.3%
140 36.1% | 353% | 32.6% | 32.6% | 313% | 285%| 26.7% | 25.0% | 23.0% | 214% | 204% | 18.6% | 18.6% | 164% | 153%| 151%
160 326% | 29.1% | 312% | 305% | 28.1% | 253%| 23.7% | 22.6% | 209% | 189% | 182% | 182% | 182% | 158%| 143%| 13.6%
180 297% | 27.5% | 27.0% | 262% | 24.7% | 243% | 212%| 204% | 199% | 184% | 184% | 164% | 155%| 141%| 133%| 11.7%
200 25.6% | 249% | 247% | 258% | 21.9%| 21.5% | 213%| 18.6% | 17.8% | 172% | 15.0% | 14.5% | 14.6% | 14.0% | 12.6% | 12.0%
220 252% | 24.8% | 23.6% | 227% | 21.9% | 19.6% | 19.6% | 172% | 164% | 147% | 153% | 14.6% | 124% | 11.9%| 113% | 11.3%
240 21.5% | 202% | 188% | 21.3% | 185% | 192%| 174%| 16.6% | 156% | 151% | 144% | 133% | 127%| 124%| 114%| 11.1%
260 19.0% | 199% | 193% | 18.1% | 188% | 178% | 17.6% | 14.1% | 14.6% | 129% | 118% | 11.7% | 11.9% | 11.9%| 11.5%| 9.8%
280 19.6% | 172% | 175% | 177% | 163% | 167% | 157%| 142% | 141%| 13.6% | 12.0%| 10.7% | 108% | 11.1%| 9.6%| 92%
300 16.8% | 16.7% | 174% | 167% | 154% | 162% | 14.0% | 129%| 125% | 127% | 12.1% | 11.6% | 103% | 92%| 92%]| 94%
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