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1 Introduction 

Ants are crawling creatures with their well-known ability 
to tackle different terrains and obstacles using the legs and the 
hooked claws at the end of the feet. Taking inspiration from 
ants’ morphological and behavioral aspects, different works 
report development of robot bodies and behaviors [1]–[3]. 
Apart from mimicking an ant’s anatomy to develop robotic 
structures, a lot of interest has been shown into the under-
standing of the ant behaviors. These behaviors mainly include 
their swarm making, object transportation, navigation and 
sensing. Here, we present and use an ant-inspired behavior to 
improve the effective reach of a crawling robot. We hypothe-
size a scenario that a robot has to locomote on top of a pipe-
like structure from ‘A’ to ‘B’ with discontinued crawling sur-
face in-between, in a cluttered environment with the limited 
sensing ability (see Figure 1). By following a closed prede-
fined path, it has to choose between turning back to its start-
ing position (A) or reaching the goal position (B). The 
decision involves the cost in terms of the energy consumption 
if it returns back knowing that the path to the goal position is 
closed, or it goes ahead recognizing availability of the path 
and the pre-defined path points, all within the reach. This sit-
uation is similar to the one where an ant crawls to one end of 
a wooden stick. Here, instead of turning back, the ant lifts 
front (antennae, head, legs) and senses the surroundings. 
Given that, it senses any reachable object where it can stick 
to, it escapes to there. Otherwise, it returns. This simple be-
havior provides two interesting insights for a possible appli-
cation in robotics, when applied to a legged robot. First, a 
legged robot with limited sensing ability can be more aware 
if it can completely utilize its physical reach. The robot sen-
sor obtains wider reach by fully extending the robot body. In 
case it detects a possible path to move ahead, the goal is 
reached. However, if it doesn’t, the robot’s decision can still 
benefit from the wider scanning it does. This behavior can 
help the robot in scenarios where the robot environment is 
partially known and the robot performs locomotion in a nar-
row space while escaping a closed path. It is not important if 
the goal point is in the physical reach, but over-the-time built 
awareness can help the robot to have a simple binary decision 
(to move forward or not). This can decrease the computa-
tional load in similar situations while utilizing this (morpho-
logical) body-extension posture.   

Figure 1: A simulated scenario where a crawling robot fol-
lows a predefined path on a pipe-like structure from the start 
(A), and has to choose forward or backward movement as-
suming that it gets stuck in a closed or discontinued path 
while moving towards the goal position (B). A proximity sen-
sor senses the distance of all nearby obstacles (here referred 
as distraction 1&2). 

2 Experiments and Results 

We used the VREP simulation environment [4] to de-
velop a scenario as illustrated in the Figure 1. Here, we used 
an inchworm inspired crawling robot (iCrawl) to test the pro-
posed behavior. The robot has two legs, each with an electro-
magnetic surface contact-point (foot). To test the extended 
body posture, the back leg was fixed at the edge of the dis-
continued path, whereas the center, and the front leg which 
holds a front facing circular-ray-type proximity sensor, was 
moveable (Figure 2(a)). The robot used extended body pos-
tures to detect the nearby obstacles. In the VREP scene, we 
created two obstacles (cube and cylindrical types) to add 
some extent of scene clutter as illustrated in the Figure 1. This 
was to further use this information to compare the distance 
sensor feedback. In the first experiment, the sensor feedback 
was taken when the robot was not in the extended posture. 
Here, the robot was unable to detect its pre-defined forward 
locomotion path. Whereas, the second experiment was per-
formed with full body extended posture, resulting in detection 
of the predefined path using the limited sensing (a single dis-
tance sensor). Figure 2 illustrates different robot postures dur-
ing the experiment, whereas, Figure 3 shows the sensor 
outputs in the experimented scenarios.  



 
Figure 2: Different robot postures in the simulated scenario1. 
Here, Px1,x2,x3 are different end-to-end robot body lengths in 
the corresponding postures, xo  is the distance from the robot 
back leg to the edge of the destination surface B, and ΔLA-B  is 
the difference in distance from mutually faced edges of sur-
faces A and B. a) The robot posture 1 where the robot reaches 
the end of the surface A and has to choose between returning 
or moving ahead based on the distance sensor feedback. b) 
The robot posture 2 when the robot reaches end of the pipe A 
and extends its front leg with surface-angle range of 0 to 60°, 
in order to have wider sensing of the environment. c) The ro-
bot posture 3 where the robot’s center join lets it rotate across 
the center axis for bi-axial sensing. Nearby obstacles are also 
potential climbing points to be taken as the possible path to 
reach surface A. 

3 Discussion 

In the first experimental scenario (Figure 2(a)), the robot 
was unable to detect the path (edge of the surface B) due to 
the limited sensor reach. When the robot was changed to ex-
tended body postures (Figure 2 (b, c)), the robot was able to 
increase its awareness of the vicinity based on the new sen-
sory feedback. In this scenario, the robot was first tested with 
the path ahead (surface B) removed and hence the path was 
not detected. Later, we placed it back to be detected while 
using the same extended body posture. Here, it is important 
to note that the usual behavior most robots use in similar sit-
uation is to check available sensory feedback, and return if 
the path is closed or is discontinued. But using the extended 
body, the robot can extend its reach while relying on the lim-
ited available sensing method. In situation, where the distance 
between the surfaces, as compared and mapped using the sen-
sor feedback, is within the reach of the robot (while extending 
the body to maximum without harming its performance), the 
robot could move towards the goal point. Otherwise, it can 
still benefit from the active scanning and hence would return 
with awareness of its reach or otherwise limitation for that 
particular locomotion path.  

In the presented scenario, a more generalized sense 
comes out with the same assumption that a robot has the max-
imum extended-body length ‘xn’ for any nth posture ‘Pn’, 
whereas the distance from ‘A’ to ‘B’ is ‘ΔLA-B’, the reachable 
distance of the robot from ‘A’ to any of the nearby obstacles 
is ‘xr’, and the distance from the reachable obstacle to ‘B’ is 
‘xB’ . Here if xB, xr < xn < ΔLA-B, the robot can use this suffi-
cient reach leverage to climb to the nearby obstacle and re-
route the path to the destination accordingly. This active 
sensing of the resumed path can effectively increase the 
reachability during similar terrains conditions. 

                                                           
     1 http://www.manoonpong.com/AMAM2019/Video.mp4 

Figure 3: The distance sensor feedback while the robot was 
in an extended body posture with activated center bi-axial ro-
tation. The obstacles (D1 and D2) were detected in both test-
ing scenarios. a) The sensory feedback when the path (surface 
B) didn’t exist. b) The sensory feedback when the path (sur-
face B) existed. 

4 Conclusion 

We presented an ant-inspired robot posture to extend the sens-
ing reach of a robot. We hypothesized that a robot with lim-
ited sensing ability while crawling on the discontinued but 
known path can increase its effective active sensing range by 
merely adding an extended body posture within the locomo-
tion control scheme. By testing the robot in the simulated sce-
narios, the results show that the robot was able to detect scene 
obstacles with improved awareness about the availability of 
the path after the discontinuation point from a simple no-ob-
stacle to a cluttered path. This can provide the robot to find 
alternative suitable paths that were not assumed to be the first 
choice. We will use this simulated scenario in the future on 
the real iCrawl robot performing locomotion on a pipe-like 
surface with path discontinuities. This is to exploit full mor-
phology of the robot without replacing the on-board sensor 
while mainly relying on this reach leverage.  
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