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Abstract-A nonlinear guidance law is presented for the im-pact time control of an interceptor against a stationary target. 
Exact closed form expressions for impact time and the guidance command are derived. For a given engagement geometry, a 
given impact time corresponds to a unique initial heading error. For interceptors launched with any other initial heading 
error, a term proportional to impact time error is augmented with the guidance command. The control parameter of the 
guidance command is adjusted in a feedback form so that the proposed method is robust to autopilot dynamics. The method 
is used in salvo attack, where multiple interceptors are launched for a simultaneous impact. 
 
 
I. INTRODUCTION 
 
Interceptors were aimed to hit the target with 
minimum miss distance. In many practical 
applications, the interceptors may be required to 
satisfy additional terminal constraints like an 
interception with desired impact angle [1–3] and/or 
an impact at predefined time. The impact time control 
can be used in salvo attack where multiple 
interceptors are launched for a simultaneous hit on 
the target. Also, an interception with minimum time 
can reduce the reaction time of the target. Thus, the 
impact time control can increase the war head effect 
of interceptors. 
In literature, various strategies were presented for 
impact time control. Jeon et al. [4] presented a 
method for impact time control, wherein the guidance 
command consists of two terms, one for achieving 
zero miss distance and the other for adjusting the 
impact time error. The additional term ensures that 
the length of the path divided by the speed equal to 
designated impact time. The technique given by Jung 
and Kim [5] used proportional navigation(PN) 
guidance law with an augmented term, which is 
proportional to the impact time error. The impact 
time error was found using an approximate formula. 
A cooperative homing guidance law was presented by 
Jeon et al. [6]. The main idea was that the variance of 
time-to-go error is made zero so that all reach at the 
same time. Lee et al. [7] proposed a method to control 
both impact time as well as impact angle. The jerk is 
used as the control input, integration of which gives 
the lateral acceleration command. An additional term 
in the guidance command controls the impact time. 
The impact time constraint was expressed by the 
curvature of the estimated trajectory. The guidance 
command given by Kim et al. [8] was expressed as a 
polynomial function of down range with three 
unknown coefficients. These coefficients were 
determined to satisfy zero miss distance, impact angle 
and impact time constraints. The impact time control 
was achieved by sliding mode control also [9–11]. 
The method was based on a sliding surface which is a 
function of impact time error and the line of sight 
rate. The guidance command drives the sliding 

surface to zero so that the constraint on miss distance 
and impact time were satisfied. An optimal control 
approach was presented by Arita and Ueno [12] to 
derive an optimal guidance command in terms of 
unknown parameters. The parameters are solved 
using numerical methods to satisfy the terminal 
constraints. The method is computationally more 
complex and the accuracy depends on the initial 
guess. In this paper, a nonlinear guidance law is 
proposed for a precise control of impact time. The 
method uses an exact closed form expression for 
impact time. The guidance command is derived to 
achieve the impact time corresponding to a particular 
heading error, known as desired heading error. When 
launched with any other initial heading error, the 
desired impact time is achieved with a term added to 
the guidance command, which is proportional to the 
impact time error. The guidance command is 
presented in a feedback form, which makes it robust 
to autopilot dynamics. This paper is organized as 
follows. Section 2 defines the impact time problem. 
The guidance command and expression for impact 
time are derived in Section 3. Section 4 describes the 
method for the salvo attack. Simulation results are 
given in Section 5 and the con cluding remarks are 
presented in Section 6. 
 

 
Figure 1: Engagement Geometry. 
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II. PROBLEM DEFINITION 
 
Consider a planar engagement geometry shown in 
Fig. 1. Here the target is assumed to be stationary and 
the interceptor is moving with a constant speed V.  
The kinematic Equations for the engagement 
geometry can be expressed as 

 
where R is the range-to-go, q is the line of sight(LOS) 
angle, am is the heading angle and am is the normal 
acceleration which maneuvers the interceptor. The 
heading error d is defined as 

 
The problem here is to find a prospective guidance 
law such that the interceptor hit the target at a 
predefined impact time. The method could be used 
for a simultaneous impact of multiple interceptors. 
 
III. GUIDANCE LAW 
 
The lateral acceleration and the closed form 
expression for the impact time are derived in this 
section. 3.1. Lateral Acceleration 
The lateral acceleration is derived by imposing the 
constraint that the heading error varies as 

 

3.2. Time of Flight 
The expression for the engagement time is derived in 
this section. Equation (8) can be re-arranged as 

and K is the proportionality constant. The guidance 
command is updated at each time cycle. Hence it acts 
in a feedback form and so the proposed method is 
robust to autopilot dynamics. If initial heading error 
is negative, then the magnitude of the heading error 
need to be considered. Also the sign of lateral 
acceleration commands should be reversed. A 
detailed procedure is given in Algorithm 1 
Algorithm 1 Two stage impact time control 
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IV. SALVO ATTACK 
 
In a salvo attack, multiple interceptors are launched 
for a simultaneous impact on the target. Consider n 
interceptors Ii; i = 1;2; : : : ;n with speeds Vi are 
launched as shown in Fig. 2. Let Ri;ami;qi,and di be 
respectively, the range, heading angle, LOS angle and 
heading error of each interceptor at any instant. Each 
interceptor is commanded with a common impact 
time t f , which is higher than the minimum 
achievable impact times of all interceptors. Then each 
interceptor is launched with the guidance command 
of (16). 
 
V.  SIMULATION RESULTS 
 
Simulations have been done, which validates the 
application of the proposed guidance law. The lateral 
acceleration capability of interceptors are limited 

 
 

Figure 2: Salvo attack. 
 
to 10g, where g is the acceleration due to gravity. All 
simulated engagements are terminated at R = 0:01 m. 
Unless otherwise stated, all impact time error are less 
than 10 4s. 
 
5.1. Case 1: Sample scenario 
Consider an initial engagement geometry with R0 = 
8000 m; 0 = 0;M0 = 50; and V = 280 m/s. The 
initial position of interceptor is considered to be at 
(0,0). The autopilot lag is assumed as 0:1s. The 
proportionality constant, K in (16) is chosen as 10. 
The desired impact time is chosen as 40s. Fig. 3a 
represents the trajectory, which illustrates that the 
guidance command is able to intercept the target. The 
impact time evaluated by (14) is 34:37s. Hence, to 
achieve the desired impact time of 40s, the heading 
error need to be increased. The guidance command of 
(10) is augmented with , which is 
illustrated by the acceleration plot of Fig. 3b. During 
the time t = 0 to 1:9s, the acceleration is positive and 
hence the heading error is increased. This is 
illustrated by the heading error plot of Fig. 3c. At t = 
1:9s, the impact time error is almost zero and hence 

as per (16), the lateral acceleration is negative, which 
causes the heading error to decrease to zero. Fig. 3c 
also shows the variation of control parameter, which 
updates the lateral acceleration to adjust the effect of 
autopilot dynamics. 
 

 
(a) Trajectory 

 
(b) Lateral acceleration) 

 
(c) Parameters b; f ; and the heading error variation 

Figure 3: Case 1: Sample scenario. 
 
5.2. Case 2: Salvo attack 
The initial conditions of the three interceptors are 
given in Table 1. The interceptors are launched to hit 
the target at tf = 40s. 
 

Table 1: Salvo attack of 3 interceptors 

 
 
The trajectories are plotted in Fig. 4a. They all 
intercepts the target. The impact times of the three 
interceptors are obtained from (14) as 44:47; 34:38 
and 33:39s, respectively. The impact time error for 
interceptor 1 is negative, and it is positive for the 
other two interceptors. Hence, the initial lateral 
accelerations for the interceptors 2 and 3 are in the 
opposite direction, whereas it is applied in the same 
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direction for interceptor 1. This is illustrated in Fig. 
4b. When the impact time error attains zero, the 
magnitude of the lateral acceleration increases until 
interception. Fig. 4c shows the variation of range as 
the engagement proceeds. The range-to-go of all 
interceptors become zero at t = 40s, illustrating that a 
simultaneous impact is achieved by the three 
interceptors. 
 
CONCLUSION 
 
This paper presented a nonlinear guidance law for the 
impact time control of an interceptor against a 
stationary target. An exact closed form expression for 
the impact time was presented. A non zero impact 
time error was produced due to undesired initial 
heading error and/or autopilot dynamics. The impact 
time error was brought to zero by augmenting a term 
to the guidance command, which is proportional to 
the impact time error. The proposed method is robust 
to autopilot dynamics that was achieved with the 
augmented control term and also by instantaneously 
updating the control parameter. Simulation results 
verified the applicability of the proposed method, and 
it was observed that the impact time error is less than 
10 4s. The proposed method was used for the 
simultaneous attack of multiple interceptors. 
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Figure 4: Case 2: Salvo attack. 
 
 
 
 

 


