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Figure 1 
Terminology 

In a survey carried out in 95 German companies, 7 
it was shown that almost 78% of the connections are 
crimped and that 98% of the harnesses fall within 
the category of up to 3 m × 1 m. Consequently, a 
typical harness may be defined with the following 
characteristics: 
• Harness is composed of N w 1.5 m single wires 

(l w = 1.5 m). 
• All terminations are crimped lugs; the wire prep- 

aration involves only two main operations: (1) cut 
and strip and (2) crimp with lugs. 

• Each connector has its own lug type (that is, there 
are Arc varieties of lugs to be crimped, where Arc 
represents the number of connectors). 

• Each wire has its own route (that is, only one wire 
is laid in at a time). If several wires have the same 
route, they will be considered independently. 

• One label is placed on each connector (nlabe l : 

• Legs are bundled together using tie wraps. 
Assuming that six ties are placed per meter and 
that the average length of a leg is half the wire 
length, the number of ties can be estimated from 
the following expression where N c represents the 

number of connectors or legs (n t / e  : 6 ~ N~). 

Harness Parameters 
Number of W i r e s :  N w 

The number of wires, N w, in the harness is an 
important characteristic. Some harnesses are corn- 

posed of up to 200 wires. A typical harness is made 
up of approximately 50 wires. 

Harness C o m p l e x i t y :  H c 
The number of legs in the harness depends on the 

scattering of electrical components to be connected. 
The greater the scattering throughout the product, the 
greater the number of legs. The harness complexity, 
H c, is defined as the number of legs (or connectors) 

divided by number of wires (He Arc) = Nw " Thus H~ is 

less than or equal to 2, a typical value being 0.4 (for 
example, a harness of 50 wires and 20 legs). 

Wire Harness Assembly Methods 
Harness assembly consists of three major activi- 

ties, as shown in F i g u r e  2. 2,3 The wires or cables 
will first be cut and terminated. This step includes 
cutting the wires to length and terminating their 
ends (sleeving, crimping, soldering, and so on). 
Some additional operations may be carried out at 
this stage, such as marking, sealing, molding, or 
labeling of the wire. The harness is then assembled 
by laying in the wire on a board, inserting the wire 
ends into connectors if necessary, and tying, lacing, 
or taping the bundles. Finally, after delivery to the 
product assembly station, the harness is installed 
into the chassis or product. This final step includes 
routing the wires or cables, inserting the connectors 
into their mating parts, and dressing and connecting 
any wire ends to appropriate terminals. Also 
included is the securing of the wires and cables to 
the chassis. 

The degree of automation used in wire harness 
manufacturing depends on the harness complexity 
and the quantity to be produced; however, automa- 
tion is restricted to wire or cable preparation and 
harness assembly, with installation into the product 
still being performed manually. We concentrate our 
study on preparation and assembly activities. The 
first four methods presented (MA, SA, SB, and 
AU) refer to typical assembly methods applied in 
industry, while the last two methods (RA and RB) 
are still at a development stage. 

The first method, described in F i g u r e  3 and 
denoted MA, is fully manual, that is, all operations 
are performed by one worker using only hand tools 
and working on one harness at a time. This method, 
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Source: Aguirre and Raucent (1994)

Wire harnesses

Aguirre, E., Raucent, B., 1994. Economic comparison of wire harness assembly systems. Journal of Manufacturing Systems 13, 276–288.doi: 10.1016/0278-6125(94)90035-3
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A bundle of routed cables with various components in a tree-like structure



Wire harness assembly

Critical to guarantee the safety and quality of the assembly

Increasing usageEssential 
infrastructure

(Images provided by Volvo Car Corporation) (Images provided by Volvo Car Corporation)

Electrification
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Wire harness assembly

• Manual • Skill-demanding
Current assembly operations

• Productivity
• Ergonomics

• Quality
• Safety

Problem

Robotized 
assembly Perception Visual 

input
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Methodology

Literature 
search

• Scopus
• (wir* OR cabl*) AND (harness* OR bundl*) AND assembl*

Literature 
selection

• Final assembly of wire harnesses onto other products
• Proposing vision systems for the robotized assembly
• Not review and conference review
• English
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Table 1. Vision systems in articles for manipulation on components of wire harnesses.

Component Article Type of cameras Location of cameras Number of cameras

Clamp [13] - Hand-eye 4
[7, 8] CCD cameras Global-fixed + Hand-eye 10 fixed + 6 on end-e↵ectors
[9] Point Grey Firefly MV Hand-eye 1

Connector [27] MC1362, Mikrotron Global-fixed 1
[30] RealSense D435, Intel Hand-eye 1
[32] Industrial cameras Global-fixed + Hand-eye 1 fixed + 2 on robot arms
[3] In-Sight 5100 Global-fixed 1
[26] CCD cameras Global-fixed 2
[2] CCD cameras Global-fixed 2
[25] FL2G-13S2C-C, PGR Hand-eye 1

Table 2. Vision systems in articles for perceiving the structure of a wire harness.

Article Purpose Type of cameras Location of cameras Number of cameras

[12] Interpretable classification RealSense D435, Intel Global-fixed 1
[19] 3D profile extraction Helios Time-of-Flight camera Hand-eye 1
[4] Visual recognition RGB-D - -

(CAM) [31] were adopted to visualize the interpretability of the
classification results.

Nguyen and Yoon [19] proposed to obtain the 3D geometry
of a wire harness through clamp detection and profile tracking
and correction using a hand-eye depth camera (Helios Time-of-
Flight Camera) mounted on the right UR3 robot to guide the
selection of next robot picking point.

Guo et al. [4] proposed an RGB-D-based segmentation and
estimation for aircraft wire harness recognition, where the com-
plete segmented wires were obtained through supervoxel over-
segmentation, segmentation based on Cartesian distance, color
similarity, and bending continuity, and estimation with Gaus-
sian Mixture Model [20] on the raw point cloud data acquired
by an RGB-D camera.

6. Discussion

In general, previous research e↵orts designed di↵erent vi-
sion systems to recognize di↵erent components of wire har-
nesses [13, 3, 7, 26, 8, 2, 27, 9, 25, 30, 32], estimate the state
of sub-processes [3, 2, 25, 12, 4], and detect errors in assem-
bly [3, 26] so that the control system of robotized wire harness
assembly could conduct manipulations on wire harnesses and
monitor the operation process according to the real-time con-
figurations.

Previously, the most focused components of wire harnesses
were clamps [13, 7, 8, 9] and connectors [3, 26, 2, 27, 30,
32, 25]. Earlier studies on clamp insertion took advantage of
designed clamp covers with unique markers to facilitate de-
tection and manipulation [13, 7, 8, 9]. However, these stud-
ies [13, 7, 8, 9] focused on the assembly of wire harnesses to
an automobile instrument panel, which could be significantly
di↵erent from other assembly locations that demand a di↵erent
number of wire harnesses, for example, in the engine room or
cabin. Clamp covers would occupy space in other installation

areas with more compact installation, and post-assembly cover
removal would lead to further challenges. Thus, new product
designs to facilitate the visual machine perception and robotic
manipulation are desired. Other studies on connectors discussed
how to detect connectors [27, 30, 32] and monitor the assem-
bly process [3, 26, 2, 25]. 2D image recognition was primar-
ily adopted in previous research except for one that introduced
depth information alongside RGB color information captured
by an RGB-D camera [30]. However, the 2D RGB image was
processed initially to detect connectors, and the depth informa-
tion of detected connectors was simply extracted from the depth
image [30].

Considering more recent studies on perceiving the structure
of wire harnesses with RGB-D and ToF cameras [12, 19, 4]
and the increasingly advanced and a↵ordable imaging tech-
nology, it is promising to implement depth or 3D cameras to
acquire spatial information and conduct detection by process-
ing 3D information directly. The recent renaissance of convolu-
tional neural networks (CNN) and the successful development
of deep learning in computer vision research [14] also facili-
tate numerous research on learning-based 2D and 3D computer
vision problems [5, 18, 33], which inspires the adaptation of
latest object detection and recognition algorithms to the future
computer vision-driven robotized assembly of wire harnesses
to facilitate the detection, manipulation, and tracking of various
components of wire harnesses.

In addition, although previous studies have demonstrated the
potential of vision-based solutions for robotized wire harness
assembly tasks, the practicality and reliability of the propos-
als in practical applications remain unknown. The actual pro-
duction has a strict requirement on the production rate, which
makes the operating speed and quality of the vision system crit-
ical and validation of vision systems in actual circumstances
necessary. Thus, future studies on the evaluation of computer
vision techniques for robotized wire harness assembly in prac-
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Clamp insertion

Connector mating

• Clamp (cover) pose estimation

• Connector detection & pose estimation
• Vision-guided mating
• Fault detection
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Component manipulation

7

Clamp insertion
• Clamp (cover) pose estimation

• Additional clamp covers were attached

• Rule-based computer vision

• Facilitate detection and manipulation

• Occupy space and add operations

• New clamp designs are desired

Connector mating
• Connector detection and mating monitoring

• Mainly 2D vision-based detection

• Mainly rule-based computer vision

• 2D data is easier to process than 3D data

• 3D info (position, orientation) is required

• Capture and process 3D data

• Learning-based algorithms + 2D & 3D vision needs to be explored
• Practicality and reliability need to be evaluated in actual scenarios



Structure perception
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Table 1. Vision systems in articles for manipulation on components of wire harnesses.

Component Article Type of cameras Location of cameras Number of cameras

Clamp [13] - Hand-eye 4
[7, 8] CCD cameras Global-fixed + Hand-eye 10 fixed + 6 on end-e↵ectors
[9] Point Grey Firefly MV Hand-eye 1

Connector [27] MC1362, Mikrotron Global-fixed 1
[30] RealSense D435, Intel Hand-eye 1
[32] Industrial cameras Global-fixed + Hand-eye 1 fixed + 2 on robot arms
[3] In-Sight 5100 Global-fixed 1
[26] CCD cameras Global-fixed 2
[2] CCD cameras Global-fixed 2
[25] FL2G-13S2C-C, PGR Hand-eye 1

Table 2. Vision systems in articles for perceiving the structure of a wire harness.

Article Purpose Type of cameras Location of cameras Number of cameras

[12] Interpretable classification RealSense D435, Intel Global-fixed 1
[19] 3D profile extraction Helios Time-of-Flight camera Hand-eye 1
[4] Visual recognition RGB-D - -

(CAM) [31] were adopted to visualize the interpretability of the
classification results.

Nguyen and Yoon [19] proposed to obtain the 3D geometry
of a wire harness through clamp detection and profile tracking
and correction using a hand-eye depth camera (Helios Time-of-
Flight Camera) mounted on the right UR3 robot to guide the
selection of next robot picking point.

Guo et al. [4] proposed an RGB-D-based segmentation and
estimation for aircraft wire harness recognition, where the com-
plete segmented wires were obtained through supervoxel over-
segmentation, segmentation based on Cartesian distance, color
similarity, and bending continuity, and estimation with Gaus-
sian Mixture Model [20] on the raw point cloud data acquired
by an RGB-D camera.

6. Discussion

In general, previous research e↵orts designed di↵erent vi-
sion systems to recognize di↵erent components of wire har-
nesses [13, 3, 7, 26, 8, 2, 27, 9, 25, 30, 32], estimate the state
of sub-processes [3, 2, 25, 12, 4], and detect errors in assem-
bly [3, 26] so that the control system of robotized wire harness
assembly could conduct manipulations on wire harnesses and
monitor the operation process according to the real-time con-
figurations.

Previously, the most focused components of wire harnesses
were clamps [13, 7, 8, 9] and connectors [3, 26, 2, 27, 30,
32, 25]. Earlier studies on clamp insertion took advantage of
designed clamp covers with unique markers to facilitate de-
tection and manipulation [13, 7, 8, 9]. However, these stud-
ies [13, 7, 8, 9] focused on the assembly of wire harnesses to
an automobile instrument panel, which could be significantly
di↵erent from other assembly locations that demand a di↵erent
number of wire harnesses, for example, in the engine room or
cabin. Clamp covers would occupy space in other installation

areas with more compact installation, and post-assembly cover
removal would lead to further challenges. Thus, new product
designs to facilitate the visual machine perception and robotic
manipulation are desired. Other studies on connectors discussed
how to detect connectors [27, 30, 32] and monitor the assem-
bly process [3, 26, 2, 25]. 2D image recognition was primar-
ily adopted in previous research except for one that introduced
depth information alongside RGB color information captured
by an RGB-D camera [30]. However, the 2D RGB image was
processed initially to detect connectors, and the depth informa-
tion of detected connectors was simply extracted from the depth
image [30].

Considering more recent studies on perceiving the structure
of wire harnesses with RGB-D and ToF cameras [12, 19, 4]
and the increasingly advanced and a↵ordable imaging tech-
nology, it is promising to implement depth or 3D cameras to
acquire spatial information and conduct detection by process-
ing 3D information directly. The recent renaissance of convolu-
tional neural networks (CNN) and the successful development
of deep learning in computer vision research [14] also facili-
tate numerous research on learning-based 2D and 3D computer
vision problems [5, 18, 33], which inspires the adaptation of
latest object detection and recognition algorithms to the future
computer vision-driven robotized assembly of wire harnesses
to facilitate the detection, manipulation, and tracking of various
components of wire harnesses.

In addition, although previous studies have demonstrated the
potential of vision-based solutions for robotized wire harness
assembly tasks, the practicality and reliability of the propos-
als in practical applications remain unknown. The actual pro-
duction has a strict requirement on the production rate, which
makes the operating speed and quality of the vision system crit-
ical and validation of vision systems in actual circumstances
necessary. Thus, future studies on the evaluation of computer
vision techniques for robotized wire harness assembly in prac-
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RGB-D data + learning-based algorithm on other components

Interpretable branch classification 3D profile extraction Visual recognition and segmentation



Conclusion
• Previous studies proposed various vision-based solutions for:

• Manipulation of different wire harness components
• Perception of the wire harness structure

• Future research opportunities:
• Developing new learning-based computer vision algorithms to 

exploit 3D information
• Evaluating the practicality and reliability of vision systems in actual 

production to promote practical applications
• Exploring new product designs of wire harnesses to enable a more 

efficient visual perception and robotic manipulation
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