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(images from wikipedia)

What is feedback control



Why feedback?



Why feedback? control without feedback is fragile
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<latexit sha1_base64="tBWGFMnDu1TWKw3/AtbOVxEvJnc=">AAAB63icbVBNSwMxEJ2tX3X9qnr0EmwFT2W3PehJCl48VrQf0C4lm2bb0CS7JFmhLP0JngQF8eov8uS/MW33oK0PBh7vzTAzL0w408bzvp3CxubW9k5x193bPzg8Kh2ftHWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJJ7dzv/NElWaxfDTThAYCjySLGMHGSg8VVRmUyl7VWwCtEz8nZcjRHJS++sOYpIJKQzjWuud7iQkyrAwjnM7cfqppgskEj2jPUokF1UG2OHWGLqwyRFGsbEmDFurviQwLracitJ0Cm7Fe9ebif14vNdF1kDGZpIZKslwUpRyZGM3/RkOmKDF8agkmitlbERljhYmx6biuTcFf/XmdtGtVv16t3dfKjZs8jyKcwTlcgg9X0IA7aEILCIzgGV7hzRHOi/PufCxbC04+cwp/4Hz+ABeDjWA=</latexit>

y
<latexit sha1_base64="F+h1/bJdBslSrSqKIIRvFgdOJRo=">AAAB63icbVBNS8NAEJ3Urxq/qh69LLaCp5LUg56k4MVjRVsLbSib7aZdursJuxshhP4ET4KCePUXefLfuG1z0NYHA4/3ZpiZFyacaeN5305pbX1jc6u87e7s7u0fVA6POjpOFaFtEvNYdUOsKWeStg0znHYTRbEIOX0MJzcz//GJKs1i+WCyhAYCjySLGMHGSve1rDaoVL26NwdaJX5BqlCgNah89YcxSQWVhnCsdc/3EhPkWBlGOJ26/VTTBJMJHtGepRILqoN8fuoUnVlliKJY2ZIGzdXfEzkWWmcitJ0Cm7Fe9mbif14vNdFVkDOZpIZKslgUpRyZGM3+RkOmKDE8swQTxeytiIyxwsTYdFzXpuAv/7xKOo26f1Fv3DWqzesijzKcwCmcgw+X0IRbaEEbCIzgGV7hzRHOi/PufCxaS04xcwx/4Hz+ACItjWc=</latexit>

u
<latexit sha1_base64="N2MtMOeyMh6WPb967CnTwlJxAkw=">AAAB63icbVBNSwMxEJ2tX3X9qnr0EmwFT2W3PehJCl48VrQf0C4lm2bb0CS7JFmhLP0JngQF8eov8uS/MW33oK0PBh7vzTAzL0w408bzvp3CxubW9k5x193bPzg8Kh2ftHWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJJ7dzv/NElWaxfDTThAYCjySLGMHGSg+VtDIolb2qtwBaJ35OypCjOSh99YcxSQWVhnCsdc/3EhNkWBlGOJ25/VTTBJMJHtGepRILqoNsceoMXVhliKJY2ZIGLdTfExkWWk9FaDsFNmO96s3F/7xeaqLrIGMySQ2VZLkoSjkyMZr/jYZMUWL41BJMFLO3IjLGChNj03Fdm4K/+vM6adeqfr1au6+VGzd5HkU4g3O4BB+uoAF30IQWEBjBM7zCmyOcF+fd+Vi2Fpx85hT+wPn8ARwVjWM=</latexit>
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<latexit sha1_base64="xoc6Xnjx5g6rzvAbcGhEqKB0Gs8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LLaCp5C0Bz1JwYvHCqYW2lA22027dLMbdjdCCf0NngQF8eoP8uS/cdvmoK0PBh7vzTAzL0o508bzvp3SxubW9k55t7K3f3B4VD0+6WiZKUIDIrlU3QhrypmggWGG026qKE4iTh+jye3cf3yiSjMpHsw0pWGCR4LFjGBjpaDuuc36oFrzXG8BtE78gtSgQHtQ/eoPJckSKgzhWOue76UmzLEyjHA6q/QzTVNMJnhEe5YKnFAd5otjZ+jCKkMUS2VLGLRQf0/kONF6mkS2M8FmrFe9ufif18tMfB3mTKSZoYIsF8UZR0ai+edoyBQlhk8twUQxeysiY6wwMTafSsWm4K/+vE46Dddvuo37Rq11U+RRhjM4h0vw4QpacAdtCIAAg2d4hTdHOi/Ou/OxbC05xcwp/IHz+QORZ42T</latexit>
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<latexit sha1_base64="xoc6Xnjx5g6rzvAbcGhEqKB0Gs8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LLaCp5C0Bz1JwYvHCqYW2lA22027dLMbdjdCCf0NngQF8eoP8uS/cdvmoK0PBh7vzTAzL0o508bzvp3SxubW9k55t7K3f3B4VD0+6WiZKUIDIrlU3QhrypmggWGG026qKE4iTh+jye3cf3yiSjMpHsw0pWGCR4LFjGBjpaDuuc36oFrzXG8BtE78gtSgQHtQ/eoPJckSKgzhWOue76UmzLEyjHA6q/QzTVNMJnhEe5YKnFAd5otjZ+jCKkMUS2VLGLRQf0/kONF6mkS2M8FmrFe9ufif18tMfB3mTKSZoYIsF8UZR0ai+edoyBQlhk8twUQxeysiY6wwMTafSsWm4K/+vE46Dddvuo37Rq11U+RRhjM4h0vw4QpacAdtCIAAg2d4hTdHOi/Ou/OxbC05xcwp/IHz+QORZ42T</latexit>0.51

<latexit sha1_base64="DwDsb/Gty4hW/oz5legX/o74SUA=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LLaCp5BURE9S8OKxgv2ANpTNdtOu3WzC7kYoof/Bk6AgXv0/nvw3btoctPXBwOO9GWbmBQlnSrvut1VaW9/Y3Cpv2zu7e/sHlcOjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyW3ud56oVCwWD3qaUD/CI8FCRrA2UrvmOpdebVCpuo47B1olXkGqUKA5qHz1hzFJIyo04Vipnucm2s+w1IxwOrP7qaIJJhM8oj1DBY6o8rP5tTN0ZpQhCmNpSmg0V39PZDhSahoFpjPCeqyWvVz8z+ulOrz2MyaSVFNBFovClCMdo/x1NGSSEs2nhmAimbkVkTGWmGgTkG2bFLzln1dJu+54F079vl5t3BR5lOEETuEcPLiCBtxBE1pA4BGe4RXerMR6sd6tj0VrySpmjuEPrM8fBMyN0A==</latexit>
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<latexit sha1_base64="Eiy36/6woT4CrxqKSLMEm9fgLUQ=">AAACB3icbVDLSgMxFM34rPU16lKEYCu4GmZafKyk4MZlBfuAtpRMeqcNzWTGJCOUYVau/BRXgoK49Rtc+Temj4W2HrhwOOfe5N7jx5wp7brf1tLyyuraem4jv7m1vbNr7+3XVZRICjUa8Ug2faKAMwE1zTSHZiyBhD6Hhj+8HvuNB5CKReJOj2LohKQvWMAo0Ubq2kfFtD15JZXQy1znzD3PcFvAPXadcrFrF1zHnQAvEm9GCmiGatf+avcimoQgNOVEqZbnxrqTEqkZ5ZDl24mCmNAh6UPLUEFCUJ10skCGT4zSw0EkTQmNJ+rviZSESo1C33SGRA/UvDcW//NaiQ4uOykTcaJB0OlHQcKxjvA4E9xjEqjmI0MIlczsiumASEK1SS6fNyl48zcvknrJ8cpO6bZUqFzN8sihQ3SMTpGHLlAF3aAqqiGKHtEzekVv1pP1Yr1bH9PWJWs2c4D+wPr8AfzRlzM=</latexit>

sensitivity to parameter variations!

Controller Car       



Why feedback? feedback for robustness to uncertainties
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<latexit sha1_base64="tBWGFMnDu1TWKw3/AtbOVxEvJnc=">AAAB63icbVBNSwMxEJ2tX3X9qnr0EmwFT2W3PehJCl48VrQf0C4lm2bb0CS7JFmhLP0JngQF8eov8uS/MW33oK0PBh7vzTAzL0w408bzvp3CxubW9k5x193bPzg8Kh2ftHWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJJ7dzv/NElWaxfDTThAYCjySLGMHGSg8VVRmUyl7VWwCtEz8nZcjRHJS++sOYpIJKQzjWuud7iQkyrAwjnM7cfqppgskEj2jPUokF1UG2OHWGLqwyRFGsbEmDFurviQwLracitJ0Cm7Fe9ebif14vNdF1kDGZpIZKslwUpRyZGM3/RkOmKDF8agkmitlbERljhYmx6biuTcFf/XmdtGtVv16t3dfKjZs8jyKcwTlcgg9X0IA7aEILCIzgGV7hzRHOi/PufCxbC04+cwp/4Hz+ABeDjWA=</latexit>

y
<latexit sha1_base64="F+h1/bJdBslSrSqKIIRvFgdOJRo=">AAAB63icbVBNS8NAEJ3Urxq/qh69LLaCp5LUg56k4MVjRVsLbSib7aZdursJuxshhP4ET4KCePUXefLfuG1z0NYHA4/3ZpiZFyacaeN5305pbX1jc6u87e7s7u0fVA6POjpOFaFtEvNYdUOsKWeStg0znHYTRbEIOX0MJzcz//GJKs1i+WCyhAYCjySLGMHGSve1rDaoVL26NwdaJX5BqlCgNah89YcxSQWVhnCsdc/3EhPkWBlGOJ26/VTTBJMJHtGepRILqoN8fuoUnVlliKJY2ZIGzdXfEzkWWmcitJ0Cm7Fe9mbif14vNdFVkDOZpIZKslgUpRyZGM3+RkOmKDE8swQTxeytiIyxwsTYdFzXpuAv/7xKOo26f1Fv3DWqzesijzKcwCmcgw+X0IRbaEEbCIzgGV7hzRHOi/PufCxaS04xcwx/4Hz+ACItjWc=</latexit>

u
<latexit sha1_base64="N2MtMOeyMh6WPb967CnTwlJxAkw=">AAAB63icbVBNSwMxEJ2tX3X9qnr0EmwFT2W3PehJCl48VrQf0C4lm2bb0CS7JFmhLP0JngQF8eov8uS/MW33oK0PBh7vzTAzL0w408bzvp3CxubW9k5x193bPzg8Kh2ftHWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJJ7dzv/NElWaxfDTThAYCjySLGMHGSg+VtDIolb2qtwBaJ35OypCjOSh99YcxSQWVhnCsdc/3EhNkWBlGOJ25/VTTBJMJHtGepRILqoNsceoMXVhliKJY2ZIGLdTfExkWWk9FaDsFNmO96s3F/7xeaqLrIGMySQ2VZLkoSjkyMZr/jYZMUWL41BJMFLO3IjLGChNj03Fdm4K/+vM6adeqfr1au6+VGzd5HkU4g3O4BB+uoAF30IQWEBjBM7zCmyOcF+fd+Vi2Fpx85hT+wPn8ARwVjWM=</latexit>Controller Car       e

<latexit sha1_base64="to2gfap099gSMvKcUfz8iURnqEY=">AAAB63icbVBNS8NAEJ3Urxq/qh69LLaCp5LUg56k4MVjRVsLbSib7aRdupuE3Y1QSn+CJ0FBvPqLPPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewtr6xuVXcdnd29/YPSodHLZ1kimGTJSJR7ZBqFDzGpuFGYDtVSGUo8DEc3cz8xydUmifxgxmnGEg6iHnEGTVWuq9gpVcqe1VvDrJK/JyUIUejV/rq9hOWSYwNE1Trju+lJphQZTgTOHW7mcaUshEdYMfSmErUwWR+6pScWaVPokTZig2Zq78nJlRqPZah7ZTUDPWyNxP/8zqZia6CCY/TzGDMFouiTBCTkNnfpM8VMiPGllCmuL2VsCFVlBmbjuvaFPzln1dJq1b1L6q1u1q5fp3nUYQTOIVz8OES6nALDWgCgwE8wyu8OdJ5cd6dj0VrwclnjuEPnM8fA7WNUw==</latexit>

+
<latexit sha1_base64="G0+e40mkJ02tOy6CpheYDMn3Qy0=">AAAB63icbVBNSwMxEJ2tX3X9qnr0EmwFQSi79aAnKXjxWNF+QLuUbJptQ5PskmSFsvQneBIUxKu/yJP/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKa+sbm1vFbXdnd2//oHR41NJxqghtkpjHqhNiTTmTtGmY4bSTKIpFyGk7HN/O/PYTVZrF8tFMEhoIPJQsYgQbKz1ULir9UtmrenOgVeLnpAw5Gv3SV28Qk1RQaQjHWnd9LzFBhpVhhNOp20s1TTAZ4yHtWiqxoDrI5qdO0ZlVBiiKlS1p0Fz9PZFhofVEhLZTYDPSy95M/M/rpia6DjImk9RQSRaLopQjE6PZ32jAFCWGTyzBRDF7KyIjrDAxNh3XtSn4yz+vklat6l9Wa/e1cv0mz6MIJ3AK5+DDFdThDhrQBAJDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP6tKjRk=</latexit>

�<latexit sha1_base64="AIYQS+ISVkqyuzocYR2y7y6dZLY=">AAAB63icbVBNSwMxEJ2tX3X9qnr0EmwFL5bdetCTFLx4rGg/oF1KNs22oUl2SbJCWfoTPAkK4tVf5Ml/Y9ruQVsfDDzem2FmXphwpo3nfTuFtfWNza3itruzu7d/UDo8auk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdjm9nfvuJKs1i+WgmCQ0EHkoWMYKNlR4qF5V+qexVvTnQKvFzUoYcjX7pqzeISSqoNIRjrbu+l5ggw8owwunU7aWaJpiM8ZB2LZVYUB1k81On6MwqAxTFypY0aK7+nsiw0HoiQtspsBnpZW8m/ud1UxNdBxmTSWqoJItFUcqRidHsbzRgihLDJ5Zgopi9FZERVpgYm47r2hT85Z9XSatW9S+rtftauX6T51GEEziFc/DhCupwBw1oAoEhPMMrvDnCeXHenY9Fa8HJZ47hD5zPH65WjRs=</latexit>

u(t+ 1) = u(t) + ke(t)
<latexit sha1_base64="i5qsIADr7fCD0Tmn5nzUZDm2xrQ=">AAACA3icbZDLSsNAFIZP6q3GW9SVuBlshZZCSepCN0rBjcsKthXaUCbTaTt0cmFmIpRQXPkorgQFcetTuPJtnLRZaOsPAx//OYcz5/cizqSy7W8jt7K6tr6R3zS3tnd296z9g5YMY0Fok4Q8FPcelpSzgDYVU5zeR4Ji3+O07Y2v03r7gQrJwuBOTSLq+ngYsAEjWGmrZx0V45KqOGV0iTSUUQWNEU2h2LMKdtWeCS2Dk0EBMjV61le3H5LYp4EiHEvZcexIuQkWihFOp2Y3ljTCZIyHtKMxwD6VbjI7YYpOtdNHg1DoFyg0c39PJNiXcuJ7utPHaiQXa6n5X60Tq8GFm7AgihUNyHzRIOZIhSjNA/WZoETxiQZMBNN/RWSEBSZKp2aaOgVn8eZlaNWqzlm1dlsr1K+yPPJwDCdQAgfOoQ430IAmEHiEZ3iFN+PJeDHejY95a87IZg7hj4zPH8hTk4g=</latexit>
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Feedback control of one link robot
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<latexit sha1_base64="tBWGFMnDu1TWKw3/AtbOVxEvJnc=">AAAB63icbVBNSwMxEJ2tX3X9qnr0EmwFT2W3PehJCl48VrQf0C4lm2bb0CS7JFmhLP0JngQF8eov8uS/MW33oK0PBh7vzTAzL0w408bzvp3CxubW9k5x193bPzg8Kh2ftHWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJJ7dzv/NElWaxfDTThAYCjySLGMHGSg8VVRmUyl7VWwCtEz8nZcjRHJS++sOYpIJKQzjWuud7iQkyrAwjnM7cfqppgskEj2jPUokF1UG2OHWGLqwyRFGsbEmDFurviQwLracitJ0Cm7Fe9ebif14vNdF1kDGZpIZKslwUpRyZGM3/RkOmKDF8agkmitlbERljhYmx6biuTcFf/XmdtGtVv16t3dfKjZs8jyKcwTlcgg9X0IA7aEILCIzgGV7hzRHOi/PufCxbC04+cwp/4Hz+ABeDjWA=</latexit>

y
<latexit sha1_base64="F+h1/bJdBslSrSqKIIRvFgdOJRo=">AAAB63icbVBNS8NAEJ3Urxq/qh69LLaCp5LUg56k4MVjRVsLbSib7aZdursJuxshhP4ET4KCePUXefLfuG1z0NYHA4/3ZpiZFyacaeN5305pbX1jc6u87e7s7u0fVA6POjpOFaFtEvNYdUOsKWeStg0znHYTRbEIOX0MJzcz//GJKs1i+WCyhAYCjySLGMHGSve1rDaoVL26NwdaJX5BqlCgNah89YcxSQWVhnCsdc/3EhPkWBlGOJ26/VTTBJMJHtGepRILqoN8fuoUnVlliKJY2ZIGzdXfEzkWWmcitJ0Cm7Fe9mbif14vNdFVkDOZpIZKslgUpRyZGM3+RkOmKDE8swQTxeytiIyxwsTYdFzXpuAv/7xKOo26f1Fv3DWqzesijzKcwCmcgw+X0IRbaEEbCIzgGV7hzRHOi/PufCxaS04xcwx/4Hz+ACItjWc=</latexit>

u
<latexit sha1_base64="N2MtMOeyMh6WPb967CnTwlJxAkw=">AAAB63icbVBNSwMxEJ2tX3X9qnr0EmwFT2W3PehJCl48VrQf0C4lm2bb0CS7JFmhLP0JngQF8eov8uS/MW33oK0PBh7vzTAzL0w408bzvp3CxubW9k5x193bPzg8Kh2ftHWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJJ7dzv/NElWaxfDTThAYCjySLGMHGSg+VtDIolb2qtwBaJ35OypCjOSh99YcxSQWVhnCsdc/3EhNkWBlGOJ25/VTTBJMJHtGepRILqoNsceoMXVhliKJY2ZIGLdTfExkWWk9FaDsFNmO96s3F/7xeaqLrIGMySQ2VZLkoSjkyMZr/jYZMUWL41BJMFLO3IjLGChNj03Fdm4K/+vM6adeqfr1au6+VGzd5HkU4g3O4BB+uoAF30IQWEBjBM7zCmyOcF+fd+Vi2Fpx85hT+wPn8ARwVjWM=</latexit> Robot and  

environment       
e

<latexit sha1_base64="to2gfap099gSMvKcUfz8iURnqEY=">AAAB63icbVBNS8NAEJ3Urxq/qh69LLaCp5LUg56k4MVjRVsLbSib7aRdupuE3Y1QSn+CJ0FBvPqLPPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewtr6xuVXcdnd29/YPSodHLZ1kimGTJSJR7ZBqFDzGpuFGYDtVSGUo8DEc3cz8xydUmifxgxmnGEg6iHnEGTVWuq9gpVcqe1VvDrJK/JyUIUejV/rq9hOWSYwNE1Trju+lJphQZTgTOHW7mcaUshEdYMfSmErUwWR+6pScWaVPokTZig2Zq78nJlRqPZah7ZTUDPWyNxP/8zqZia6CCY/TzGDMFouiTBCTkNnfpM8VMiPGllCmuL2VsCFVlBmbjuvaFPzln1dJq1b1L6q1u1q5fp3nUYQTOIVz8OES6nALDWgCgwE8wyu8OdJ5cd6dj0VrwclnjuEPnM8fA7WNUw==</latexit>

+
<latexit sha1_base64="G0+e40mkJ02tOy6CpheYDMn3Qy0=">AAAB63icbVBNSwMxEJ2tX3X9qnr0EmwFQSi79aAnKXjxWNF+QLuUbJptQ5PskmSFsvQneBIUxKu/yJP/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKa+sbm1vFbXdnd2//oHR41NJxqghtkpjHqhNiTTmTtGmY4bSTKIpFyGk7HN/O/PYTVZrF8tFMEhoIPJQsYgQbKz1ULir9UtmrenOgVeLnpAw5Gv3SV28Qk1RQaQjHWnd9LzFBhpVhhNOp20s1TTAZ4yHtWiqxoDrI5qdO0ZlVBiiKlS1p0Fz9PZFhofVEhLZTYDPSy95M/M/rpia6DjImk9RQSRaLopQjE6PZ32jAFCWGTyzBRDF7KyIjrDAxNh3XtSn4yz+vklat6l9Wa/e1cv0mz6MIJ3AK5+DDFdThDhrQBAJDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP6tKjRk=</latexit>

�<latexit sha1_base64="AIYQS+ISVkqyuzocYR2y7y6dZLY=">AAAB63icbVBNSwMxEJ2tX3X9qnr0EmwFL5bdetCTFLx4rGg/oF1KNs22oUl2SbJCWfoTPAkK4tVf5Ml/Y9ruQVsfDDzem2FmXphwpo3nfTuFtfWNza3itruzu7d/UDo8auk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdjm9nfvuJKs1i+WgmCQ0EHkoWMYKNlR4qF5V+qexVvTnQKvFzUoYcjX7pqzeISSqoNIRjrbu+l5ggw8owwunU7aWaJpiM8ZB2LZVYUB1k81On6MwqAxTFypY0aK7+nsiw0HoiQtspsBnpZW8m/ud1UxNdBxmTSWqoJItFUcqRidHsbzRgihLDJ5Zgopi9FZERVpgYm47r2hT85Z9XSatW9S+rtftauX6T51GEEziFc/DhCupwBw1oAoEhPMMrvDnCeXHenY9Fa8HJZ47hD5zPH65WjRs=</latexit>
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accurate position control insensitivity to uncertainties

P and D and I… the structure of the controller matters

Feedback control of one link robot

kp = 50, kd = 10,
ki = 10, m = 1

<latexit sha1_base64="m7eT5CGFmQ7/SjIY9quXvmlrlZQ=">AAACF3icbZBNS8NAEIY39avGr6hHL4uN4EFLUhF7EQpePFawH9CGsNlu2qW7SdjdCCX0V3jyp3gSFMSrePLfuGkjaHVg4Zl3ZpidN0gYlcpxPo3S0vLK6lp53dzY3NresXb32jJOBSYtHLNYdAMkCaMRaSmqGOkmgiAeMNIJxld5vXNHhKRxdKsmCfE4GkY0pBgpLfnWqT32E3gJzx37BGoeaHZzNk2d0e/M5jnZvlVxqs4s4F9wC6iAIpq+9dEfxDjlJFKYISl7rpMoL0NCUczI1OynkiQIj9GQ9DRGiBPpZbOzpvBIKwMYxkK/SMGZ+nMiQ1zKCQ90J0dqJBdrufhfrZeqsO5lNEpSRSI8XxSmDKoY5h7BARUEKzbRgLCg+q8Qj5BAWGknTVO74C7e/Bfatap7Vq3d1CqNeuFHGRyAQ3AMXHABGuAaNEELYHAPHsEzeDEejCfj1Xibt5aMYmYf/Arj/Qu40pfh</latexit>

kp = 50, kd = 10,
ki = 10, m = 3

<latexit sha1_base64="D2RBEMEWseVGDwnebAZOfADPICE=">AAACF3icbZBLS8NAEMc39VXjK+rRy2IjeNCStIi9CAUvHivYB7QhbDabdunmwe5GKKGfwpMfxZOgIF7Fk9/GTRtBWwcWfvOfGWbn7yWMCmlZX1ppZXVtfaO8qW9t7+zuGfsHHRGnHJM2jlnMex4ShNGItCWVjPQSTlDoMdL1xtd5vXtPuKBxdCcnCXFCNIxoQDGSSnKNc3PsJvAKXljmGVTsK7Zz1nWV0Z/MDBXVTdeoWFVrFnAZ7AIqoIiWa3wO/BinIYkkZkiIvm0l0skQlxQzMtUHqSAJwmM0JH2FEQqJcLLZWVN4ohQfBjFXL5Jwpv6eyFAoxCT0VGeI5Egs1nLxv1o/lUHDyWiUpJJEeL4oSBmUMcw9gj7lBEs2UYAwp+qvEI8QR1gqJ3VduWAv3rwMnVrVrldrt7VKs1H4UQZH4BicAhtcgia4AS3QBhg8gCfwAl61R+1Ze9Pe560lrZg5BH9C+/gGu96X4w==</latexit>
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uncontrolledcontrolled

non uniform nitrogen control to reduce variance

robots deployed for  
local growth estimation  

and nitrogen control
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