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Abstract: Personnel is the core element in the battlefield, and is one of the most vulnerable and complex
objects. The personnel vulnerability research involves the mechanics, mathematics, statistics, medicine,
biology and other disciplines, which is difficult to study, but it is of great value to carry out the
assessment of lethal efficacy, protective efficacy, and rescue of battle wounds. By summarizing the
literatures on vulnerability analysis of different targets, this paper proposes that damage score and kill
criteria are two important links in personnel vulnerability analysis. Based on this, the current research
status of personnel damage scoring is reviewed. Four commonly-used scoring methods, including
abbreviated injury scale ( AIS) , injury severity score (ISS) , adjusted severity of injury index( ASIT) and
military combat injury scale( MCIS) , and their applications are introduced, and the research dynamics,
assessment models, and kill criteria of the four main killing elements ( shock wave, projectile, shock
vibration, and heat) on the damage of unprotected personnel in typical battlefield environments are
presented. On this basis, the application technology of personnel vulnerability analysis based on
digitalization mannequins is analyzed, the main application scenarios of vulnerability analysis results are
discussed, and the possible major development directions in this field are analyzed. This paper can
provide an important reference for the research of personnel vulnerability.
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Fig. 1 Methodological roadmap for the analysis of target vulnerability
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Table 5  Killing criterion of overpressure to personnel
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Fig.3 Lethal rate curves of a 70 kg human subjected

to air blast
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Table 6 Mathematical model coefficients for shock

wave lethality rate
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Table 8 Model parameters for 70 kg mammals
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Table 9  Relationship among chest wall motion velocity

with ASII and AIS scores
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Table 10 Kinetic energy killing criterion of fragment
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Table 11  Specific kinetic energy killing criterion of fragment
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Table 12 Kinetic energy required for different tissue

injuries for dog
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Table 13 Kinetic energy and specific kinetic energy required

to penetrate the chest of dog
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Table 14  Kinetic energy and specific kinetic energy

required to cause dog death immediately
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Table 15 The coefficients of the conditional probability formula
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Fig.6 Vibration injury curves of human sitting posture
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Fig.7 Vibration injury curves of human standing posture
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Table 16  Personnel injury threshold of heat flux
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Table 17  Personnel injury threshold of thermal dose
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Table 18 The retardation coefficients of different tissues and organs penetrated by fragments
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