Humanoid robots need smarter bodies as well as smarter brains, researchers warn
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Watch a clip of a humanoid robot executing balletic flips and it is tempting to conclude the robotics revolution has arrived. Yet industry insiders and academics increasingly say the revolution is partial: far more progress has been made on brains — vision systems, planning and large neural networks — than on the bodies that must carry those brains into the messy real world. According to Hamed Rajabi, director of the Mechanical Intelligence Research Group at London South Bank University, Sony’s recent call for research into “flexible structural mechanisms” underlines that concern and signals a new emphasis on physical design as much as software. Boston Dynamics’ recent unveiling of an all‑electric Atlas, meanwhile, shows firms are experimenting with hardware redesigns even as their demo reels continue to capture the public imagination. (Sources: lead analysis of the problem; Sony research themes; Boston Dynamics unveiling.)
The core technical problem is simple to state but hard to solve: most humanoid robots are built with a brain‑first architecture and rigid joints, which forces powerful actuators and continual computational corrections to keep the machine upright and effective. That approach is energetically expensive. As one industry comparison put it, Tesla’s Optimus consumes roughly 500 watts per second to walk where a human uses around 310 watts per second — a near‑50 per cent energy penalty to perform a simpler, less capable gait. The consequence is that today’s humanoids often operate as research platforms rather than practical, long‑duration field machines. (Source: detailed critique of brain‑first designs and energy figures.)
That gap between showmanship and robustness is visible in high‑profile demos. Tesla’s video of Optimus folding a T‑shirt drew scrutiny: independent coverage argued the clip was staged and highlighted that the firm’s founder later acknowledged the robot “cannot yet do this autonomously,” suggesting teleoperation or pre‑scripted motion played a role. Such demonstrations can therefore reveal more about limb kinematics and choreography than about tactile adaptability or resilience in unstructured environments. The caution is not a dismissal of progress but a reminder that impressive motions do not yet equal dependable, unsupervised service work. (Source: reporting on Tesla’s demo and subsequent clarifications; contextual analysis.)
At the same time, hardware‑led efforts are advancing. Boston Dynamics’ next‑generation Atlas — an all‑electric redesign revealed in April — introduces new joint architectures and quieter operation and the company has described plans to test the platform with industrial partners. But even machines that look impressively fluid in controlled videos struggle with real‑world unpredictability: feet that cannot sense or conform to irregular terrain, or bodies that cannot yield and spring back when interacting with complex, organic environments. Those limits help explain why much of the current fleet remains best suited to labs and controlled industrial settings. (Source: Boston Dynamics unveiling and limitations discussed.)
The field of mechanical intelligence — sometimes shortened to MI — offers a different starting point: rather than asking a central computer to micromanage every motion, MI asks whether the body itself can perform part of the computation through morphology. Rajabi and colleagues point to everyday biological examples: pine cones that open and close in response to humidity with no nervous system input, tendons that store and release energy to stabilise gaits, and soft human skin and tissue that passively conform to objects to make grasping efficient. Making bodies that are compliant, spring‑like and adaptive could allow a robot’s software to focus on higher‑level strategy rather than continuous low‑level corrections. (Sources: explication of MI and biological examples; MI research framing.)
That research is already being translated into concrete engineering work. London South Bank University’s Mechanical Intelligence group lists projects such as hybrid hinges that mix rigid precision with compliant, shock‑absorbing behaviour, tensegrity and adaptive grippers intended to reduce reliance on active sensing and control. Sony’s Research Award programme has also begun to channel grants into related lines of inquiry — offering modest funding to academic teams to explore flexible structural approaches, physics‑based simulation and novel actuators — signalling that major corporate players are willing to underwrite body‑level innovation alongside AI. (Sources: MI group projects; Sony research award programme.)
But the biological analogies carry important caveats. Experimental biology reminds engineers that tendon elasticity and springy elements do not automatically translate into lower metabolic cost or simpler control: laboratory studies have shown that replacing active muscle work with tendon‑like behaviour does not always produce a measurable reduction in the energetic cost of producing force, and that benefits depend on the whole muscle–tendon architecture and how it is integrated into movement. In short, copying a single biological feature is unlikely to yield a turnkey improvement; success depends on system‑level design and careful translation from biology to engineering. (Source: experimental biology research on tendon elastic storage and its limits.)
There are also industrial and economic hurdles. The companies currently at the forefront of humanoid robotics tend to be software and electronics firms with supply chains optimised for motors, sensors and compute; building bodies that exploit advanced materials, soft mechanics and new manufacturing processes requires a different ecosystem that is not yet mature at scale. That mismatch helps explain why many firms default to iterative software upgrades on familiar hardware forms rather than the disruptive re‑engineering of the body and the supply chain that a truly mechanically intelligent humanoid would demand. (Sources: lead critique of supply‑chain and manufacturing realities; Sony’s academic partnership signal.)
The pragmatic takeaway for industry and policymakers is that the next step for useful humanoid robots will be synthesis rather than a contest between hardware and software. Corporations such as Sony are starting to fund the basic work, academic groups are prototyping hybrid joints and skins, and hardware pioneers are testing redesigned platforms — but translating those advances into durable, energy‑efficient robots will require coordinated advances in materials science, manufacturing, biomechanics and control theory. If those pieces come together, the machines that leave laboratories may finally possess not just clever brains but bodies that let them meet the unpredictable world without burning through battery life or relying on perfect, scripted conditions. (Sources: synthesis and outlook drawn from industry signals, MI research and technical caveats.)
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