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Electronics can be incorporated into textiles through attachment, 

integration during weaving, or yarn-level embedding, enabling garments  
to function as a key carrier of wearable devices. Smart pants are prone  
to deformation and relative slip during walking and flexion–extension, 
which can shift routing paths and sensor lead placement and undermine 
measurement reliability. A typological description of wiring-line placement 
that accounts for lower-limb motion is therefore required. 

Using five smart pants as case samples, this study establishes 
longitudinal wiring-line types and criteria based on the placement of 
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conductive-textile boundaries, interconnects, and sensor leads, covering the 
spiral shaping longitudinal line and the channel-based longitudinal line.  
It compares turning trajectories, the number of turning points, and risks  
of cumulative mechanical loading across line types, and proposes structural 
constraints and design guidelines for cross-joint routing to reduce 
measurement errors induced by slippage. 

This study adopts a case-based sample analysis. Based on the structural 
line placement and wiring organization of five smart pants, it summarizes 
the routing patterns of conductive-textile boundaries, interconnects, and 
sensor leads, and derives two wiring types – the spiral shaping longitudinal 
line and the channel-based longitudinal line – together with their 
corresponding motion-adaptation mechanisms. 

The spiral shaping longitudinal line refers to a longitudinal dominant line 
in which the circumferential position of a seam or panel boundary changes 
continuously as it extends along the long axis of the lower limb. The line 
typically starts from the lateral hip or the lateral waist–hip region, runs 
downward along the lateral thigh, gradually shifts toward the anterior or 
posterior side of the leg, and then moves to the medial side or returns to the 
lateral side. This line type addresses circumferential slippage induced by the 
combined effects of walking and flexion–extension. By distributing turning 
surfaces along a longitudinal path, it transfers seam loads stepwise around 
the circumference and avoids repetitive stretching concentrated at a single 
circumferential location. Among the five smart pants samples, Nadi X 
(Figure 1) shows the clearest turning pattern, presenting a continuous 
turning trajectory in both front and back views and serving as a 
representative case [1]. Its line transitions from the lateral hip to the anterior 
and posterior thigh and then back to the medial side, so the anterior 
stretching and posterior compression generated during knee flexion–
extension are not borne by one seam over time, reducing local accumulation 
near the seam. When conductive-textile boundaries, interconnects, or sensor 
leads follow this line, fewer turning points are required, pull at hardware 
edges and interfaces is less likely to accumulate, excessive local stretching 
near the seam is less likely to occur, and a more repeatable placement basis 
is provided for cross-joint sensing and feedback modules. 

 

 
Fig. 1. The structural lines and style diagrams of Nadi X 
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The channel-based longitudinal line is typically defined by one or two 
symmetric straight longitudinal seams. It is most often positioned on the 
lateral or slightly outer side of the leg and appears as a continuous band-
shaped panel zone in both front and back views. A typical placement runs 
from the lateral hip to the lateral thigh and extends downward along the 
lateral thigh. Structurally, this band functions as an organizational strip for 
the electronic system. It centralizes component fixation and conductive 
routing so that electrode contact regions or sensing surfaces on the buttocks 
and the anterior and posterior thigh undergo smaller relative displacement 
during flexion–extension. At the same time, connection points, 
reinforcement segments, and transition segments are constrained to locations 
with fewer folds during flexion–extension, reducing conductive-route 
fatigue and contact fluctuations. Lateral placement also shifts connectors 
and local thickened sections away from the crotch and inner-thigh friction 
zone, enabling more direct positioning after donning and doffing and 
lowering the risk of pull caused by repeated adjustments. 

 

 
Fig. 2. Eaglefit EMS, Wisenfit EMS and Athos's structural lines  

and style diagrams 
 
Across the samples, channel-based longitudinal lines exhibit a length 

hierarchy. The lateral lines of Eaglefit EMS (Figure 2a) and Wisenfit EMS 
(Figure 2b) correspond to long-segment organizations [2, 3]. Their line 
placement extends from the lateral hip down to the calf and in some cases 
approaches the ankle, forming a continuous longitudinal band that facilitates 
routing along the line and distribution to multiple zoned electrodes. In 
Eaglefit EMS, the control unit is fixed at the lateral hip or the lateral upper 
thigh, and wires are distributed from this location to electrode regions, so 
the channel serves as both a fixation site and a routing strip. Wisenfit EMS 
adopts a similar long channel to support centralized management of 
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electrodes and cables. By contrast, the lateral line in Athos (Figure 2c)  
is closer to a short-segment organization [4, p. 210]. The placement 
concentrates around the upper crotch to the upper thigh without forming an 
equally long downward channel. Its core module is mounted on the outer 
thigh, and the structure prioritizes module positioning and signal 
aggregation near the hip, while the planar electrode regions are distributed 
around the anterior and posterior thigh and the buttocks, so the longitudinal 
band mainly provides local positioning and fixed boundaries. 

This paper examines conductive-textile boundaries, interconnects, and 
sensor leads in smart pants and identifies two longitudinal line-position 
types. The spiral shaping longitudinal line follows the lower-limb axis while 
shifting around the leg circumference. This configuration distributes seam 
loading across different circumferential regions, reduces repeated local 
stretching, and limits pull at hardware interfaces, as shown by Nadi X.  
The channel-based longitudinal line uses a straight lateral or slightly outer-
leg seam band to organize module fixation, reinforcement, and routing.  
It reduces displacement and cable fatigue during flexion–extension and 
keeps connection points away from the crotch and inner-thigh friction zone. 
Eaglefit EMS and Wisenfit EMS represent long continuous lateral channels, 
while Athos represents a short hip-proximal channel for local module 
aggregation. 
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